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HORIZONTAL SECTION 


Glass fibre insulation was sandwiched between layers of concrete in the 
crossbar of the double tee unit to provide an excellent thermal barrier 


@ Double tee beams of prestressed wall employs removable flat concrete 
concrete, best known for their value in _ slabs, to facilitate the replacement of 
roof and floor systems, are now finding major equipment. 
an attractive new use. A recently com- The architect found that using pre 
pleted switching station of the Public stressed double tees in this manner had 
Service Electric & Gas Company of economic as well as design advantages 
Newark, N. J. has two walls made of —including off-site fabrication and 
side-by-side 10-ton vertical double tees stockpiling, fast erection with minimum 
running the full height of the building personnel, no scaffolding, and lower 
—nearly 61 feet—and creating an in- heating costs due to better insulation 
teresting pattern. To produce the 5,000-psi concrete 
A third wall, featured in the photo- specified for this job, the Atlantic 
graph above, is topped by tees 3914 Prestressed Concrete Co. chose depend 
feet tall. The bottom section of this able ‘Incor’® 24-hour cement. 
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PLASTIMENT 
speeds placement 
of thin shell 
concrete 


Owner: Scioto Downs, Inc., Columbus, Ohio; Architect: Kellam & Foley, Colum- 
bus, Ohio; Structural Engineer: Gensert & Williams, Cleveland, Ohio; General 
Contractor: Sheaf Construction Co., Columbus, Ohio; Concrete Sup ‘ier: Anderson 
Concrete Corp., Columbus, Ohio 





The nation’s largest hyperbolic paraboloids roof the 
grandstand for new Scioto Downs Race Track in Colum- 
bus, Ohio. Each 400-ton shell is 60 x 116 feet and stands 
on a single column. 61/4- and 7-bag mixes were used with 
slumps at 2” or less 


Plastiment provided low slump workability and sta- 
bility during placement on the steeply sloping surfaces. 


Early strength gains enabled the contractor to strip 
forms in 7 days. Strengths in 7 days averaged 3600 psi for 
the 614-bag mix and 4700 psi for the 7-bag mix. Plasti- 
ment was used in proportions varying from 2 fluid ounces 
to 4 fluid ounces per sack of cement to provide uniformity 
with varying ambient temperatures. 

Plastiment features are detailed in Bulletin PCD-59 
Ask for your copy. District offices and dealers in principal 
cities; affiliate manufacturing companies around the world 
In Canada, Sika Chemical of Canada, Ltd.; in Latin Amer- 
ica, Sika Panama, S. A. 


SIiKA CHEMICAL CORPORATION 








Passaic, N. J. 
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Researches Toward a General Flexural 
Theory for Structural Concrete 


By HUBERT RUSCH 


This paper is directed toward formulation of a general flexural theory 
based on a careful study of all important factors regarding the properties 
of concrete. The fact that strength and deformation of concrete p saber 
on time is considered. The theory is based on recent tests permitting 
determination of the behavior of the compression zone in flexure for con- 
tinuous load increase at different strain rates, and for constant sustained 
load. Having derived stress-strain relationships for these various types of 
loading, other factors were studied systematically, such as effect of concrete 
strength, position of neutral axis, and shape of cross section. The general 
theory developed is primarily a study of the true behavior of structural 
members. Since simplified assumptions are avoided, it naturally does not 
lead to simple formulas such as are desired for structural design. The theory 
fulfills the important function of furnishing a reliable method for the eval- 
uation of simplified design formulas. It is also possible, however, to present 
all new concepts and results of this theory in the form of a simple diagram 
which can be used for the solution of design problems for selected cross 
sections ranging from pure bending to pure compression, regardless of 
concrete quality and the type of steel used, and independent of whether 
prestressing is applied or not. 


M™ RESEARCH IN THE STRUCTURAL CONCRETE FIELD is faced today with 
problems of unusual challenge. We find ourselves in a period of change 
characterized by the abandonment of the elastic theory in favor of the 
plastic theory, and by a conversion from allowable stresses as a basis 
of design to ultimate strength design. Although these trer:is have 
persisted for some time, the new methods are finding slow acceptance 
among design engineers in some countries. This is probably at least 
in part due to the fact that structural engineering can look back on a 
thousand-year tradition, and this tradition is by its nature a conservative 
one. Another reason of equal importance is the lack of detailed and 
extensive knowledge regarding the properties of materials desirable 
in the development and introduction of new methods. 

In recent decades, progress has been made toward replacing struc- 
tural design methods disregarding plastic properties of materials by 
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ACI member Hubert Rusch has been, since 1945, a professor and director of the 
Engineering Materials Laboratory, Technical University, Munich, Germany. Dr. Rusch 
has won much prominence in Europe and South America through his design and 
construction of outstanding reinforced concrete structures. He has played an active 
part in reinforced concrete research, and in the development of shell structures (for 
which he received the Longstreth Medal prior to World War II), prestressed concrete, 
and precast construction. 











new ones, which represent actual conditions to a greater degree. Numer- 
ous investigations of structural concrete have been conducted leading 
to several new design theories which generally are in good agreement 
with test results in the case of pure flexure. However, these theories 
start from very different, sometimes even contradictory, assumptions 
about the physical behavior of the component materials. This is prob- 
ably a major reason why none of the new methods has found world-wide 
acceptance. An engineer seeks to analyze the true behavior of struc- 
tures. He cannot be convinced by approximately correct results ob- 
tained on the basis of widely different assumptions. The agreement 
between the results of various theories in design, however, is not at 
all surprising since only the case of under-reinforced beams has often 
been cited in comparisons with test data. The tensile force in the steel 
at failure is determined entirely by the yield point; the lever arm of 
the internal forces is insensitive to assumptions regarding concrete 
stress. Only tests of over-reinforced members can furnish a true meas- 
ure of the validity of a flexural theory. There is a need for a theory 
which is not restricted to approximate results in a limited range. Such 
a theory must be based on the actual properties of the materials and 
must be valid for all cases of loading, from pure bending to pure 
compression. 

The reason vy sy authors differ so widely in appraising the physical 
behavior of concrete in flexure probably lies in the fact that their 
knowledge is based almost entirely on beam tests. Only three con- 
ditions are available for the evaluation of such tests: the equilibrium 
condition, the deformation condition, and Bernouilli’s assumption of 
plane sections remaining plane. As the number of unknowns is gen- 
erally greater than the number of equations, some plausible assumptions 
must be made in the evaluation of certain quantities. As the required 
quantities are closely interrelated, it is quite understandable that one 
may thus arrive at widely different solutions. 

It is only lately that attempts were made to establish the needed 
relationships in a direct manner. First among these should be men- 
tioned tests on centrally and eccentrically loaded prisms conducted 
by Hognestad,'* Moenaert,? and Riisch,* which led to an extensive 
clarification of the behavior of the compression zone in flexure under 
short-time load only. 
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However, strength decreases under the action of sustained loads. 
Creep of the concrete leads to an increase in concrete strain in the 
extreme compressive fiber. This results in a lower neutral axis and 
a reduction of the lever arm of the internal forces. Consequently, the 
stress in the reinforcement becomes higher. A more important con- 
sideration is the reduction of concrete strength under the action of 
sustained load. This problem has been studied in detail only in recent 
years. 


The following discussion reports results of new tests whose objective 
was to study effects of time such as age of concrete and duration 
of loading. These tests constitute the basis of the new flexural theory. 


Notation 


Notation is defined in Fig. 1 and frequently also in the text. In addi- 
tion, some frequently used symbols are: 














A. area of concrete compression  f’. ;«.1,) = strength of concrete failing 
zone (for symmetrical bend- under sustained load at the 
ing of a rectangular cross sec- time t days after loading at 
tion, A. = bc) an age of a days 

o = stress block factor = C/A-f.’  f,, = stress in tensile steel at ulti- 

= fave/fe’ mate strength of reinforced 

C cast), Ct, Cy = coefficients: defined by concrete member 
Zq. (2) f’.. | = stress in compression steel at 

fave == average stress in concrete ultimate strength of rein- 
‘ompression zone at ultimate forced concrete member 
strength ku = ratio c/d at ultimate strength, 

f. = concrete stress Fig. 1 

fe’ = concrete cylinder strength ju = value of j at ultimate strength, 

f’ cas = 28-day cylinder strength Fig. 1 

Width of rectangular section = b 
t d a Ec ies 
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Fig. |—Notation 
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M moment of internal concrete e, = distance between centroid of 
force about centroid of ten- tensile reinforcement and cen- 
sile reinforcement; at ultimate troid of cross-section (for 
strength M = M, symmetric loading of rectan- 

. : eee i -- am. Ee 

m relative internal resisting mo- gular section e, = d — t/2) 
ment of concrete compression €& = concrete strain 
zone defined by Eq. (1), at ¢, = concrete strain in extreme 
ultimate strength m = m, fiber 

M, moment of external forces ¢. = concrete strain in extreme 
with respect to centroid of fiber at ultimate strength 
cross section f. - tensile strain in reinforcement 

P, = external axial force acting in  ¢ = tensile strain in reinforcement 


the centroid of cross section 


at ultimate strength 





RATE OF LOADING EFFECTS 


Standards of some countries require that in tests of materials the 
load be applied at a certain constant rate. However, this requirement 
cannot be satisfied at high loads for materials exhibiting an elasto- 
plastic behavior. For example, in testing steel in the yield range, the 
rate of deformation would become extremely high. Even if our testing 
machines could satisfy this requirement, such testing would still have 
to be ruled out because it leads to completely misleading results. 

The above-mentioned requirement has another disadvantage. Under 
constant rate of loading, the stress-strain diagram can be recorded only 
up to a maximum stress, after which further load increase is no longer 
possible. In this study, we wish to examine the portion of the stress- 
strain curve beyond maximum stress, since it has a considerable effect 
on the stresses produced in a concrete structure. 


For these reasons, the requirement contained in some standards 
specifying a constant rate of loading must be modified for research 
purposes. It should be replaced by a more rational requirement, namely 
that all tests of materials be carried out under constant rate of strain. 
One can then determine the descending portion of the stress-strain 
curve as the deformation continues to increase further under decreasing 
load after the maximum stress is reached. 

With increasing duration of loading, as mentioned earlier, strength 
drops and deformation increases. Hence, the magnitude of the selected 
rate of strain has a strong effect on the shape of the stress-strain curve. 
This was specially pointed out by Rasch® who studied this effect on 
three different quality classes of concrete at strain rates from 0.001 
per min to 0.001 per 70 days under concentric load in the Munich 
Materials Laboratory. 


In carrying out these tests the compressive force was regulated 
manually in such a way that strain increased at the desired constant 
Due to the heterogeneous nature of concrete, strain under a 


rate. 
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- 300 - 




















Fig. 2—Test arrangement and centering device (dimensions in millimeters). 
Left—Front view. Right—Side view 


concentrically applied load is not necessarily the same on all sides of 
the test specimen. To eliminate this effect, the centering device shown 
in Fig. 2 was built into the testing machine to permit lateral displace- 
ment of the loaded test specimen in two directions with respect to 
the force axis. At all load levels, the position of the specimen was so 
adjusted by lateral displacements that strain on all four sides of the 
specimen at midheight remained equai. Such manual regulation be- 
comes difficult at very fast rates of strain, and is too time consuming 
at very slow rates. This difficulty is eliminated by a testing machine, 
developed in the Munich laboratory, provided with electronically pro- 
grammed controls and automatic recorders as shown in Fig. 3. Con- 
ventional testing machines are built in such a way that one has to 
apply a given load to the test specimen, and record the corresponding 
deformation. With the new machine, however, one can subject the 
specimen to a predetermined deformation, and record the corresponding 
load. The built-in programmed control makes it possible to increase 
the deformation at a constant rate. The machine then records auto- 
matically the desired stress-strain diagram. 

Fig. 4 shows examples of the results obtained by the described 
method for concretes of a 3000-psi average strength and loaded 56 days 
after casting. The deformations shown in the diagram are not purely 
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Fig. 3—Testing machine with electronically programmed control and automatic 


recorders 


elastoplastic. The slower the rate of loading, the greater are the effects 
of creep and shrinkage. Naturally, there is a series of secondary factors 
in addition to those of strength and time, such as type of cement and 
cement content, grading and modulus of elasticity of aggregates, tem- 
perature, and moisture, which influence the stress-strain curve. Hence, 


(2) 
uo 
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oO 
™m 
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Ratio of Concrete Stress to Cylinder Strength 
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000! 


Cylinder Strength 
f. =3000 psi 
at 56 days 





0002 0003 0004 0005 0006 1007 
Concrete Strain, € 


Fig. 4—Stress-strain curves for various strain rates of concentric loading 
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curves such as those shown in Fig. 4 may vary within certain limits. 
However, they will always follow the trend indicated by this diagram, 
which characterizes a predominating influence of time. 


STRESS-STRAIN RELATIONSHIP IN FLEXURE 


Seeking to establish the distribution of stresses in the concrete com- 
pression zone in flexure, it should first be considered that every “fiber” 
in this zone undergoes strain at a different rate. Assuming that cross 
sections remain plane, the rate of strain becomes proportional to the 
distance from the neutral axis. Furthermore, the desired stress distri- 
bution depends on the nature of load; for increasing load, on the rate 
at which the load is increased; for constant load, on the duration of 
loading. 

In his paper,® Rasch proposes that the stress distribution in the 
compression zone in flexure be derived from stress-strain curves ob- 
tained from concentrically loaded prisms. How this can be done is 
illustrated schematically below for an example of load increasing at 
constant rate of strain. The stress-strain curves in Fig. 4 are used as 
a basis. 

Fig. 5 shows schematically the derivation of the stress-strain rela- 
tionship in the concrete compression zone in flexure. It is determined 
by the requirement that the strain of every fiber in the flexural com- 
pression zone is attained in the same interval of time, 1 hr in the chosen 
example. The stress corresponding to strain of 0.001 must then be 
selected from that stress-strain curve in Fig. 4 which corresponds to 
a deformation rate of 0.001 per hr. Similarly, stresses for strain of 0.003 
and 0.005 are obtained from the stress-strain curves which were deter- 


oO 
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0.005 per hr 


concrete stress to cylinder strength 





| 
| 
| 
| 
| 
e 1 
' { 
| 0.003 perhr |! 
{ 
| 
| OOO! per hr 
: 1 
° | 
i) i n J ! L n i 
cr 0 0002 0004 0 0002 0.004 
Concrete strain, € Concrete strain, & 


Fig. 5—Determ'n=tion of stress-strain relationship in flexure (schematic only): 

left) Stress-strain curves for concentric compression and various strain rates; 

right} Stress-strain relationship for eccentric compression after | hr of loading 
at constant strain rates 
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Fig. 6—Stress-strain relationships for eccentric compression after various durations 
of loading at constant strain rates 


mined at strain rates of 0.003 and 0.005 per hr, respectively. When the 
stress values determined in this manner are plotted against the corre- 
sponding strains, the stress distribution for the compression zone in 
flexure is obtained. This applies for all loading conditions attained 
in 1 hr in the various fibers, under constant yet different rates of 
strain. The magnitude of the strain in the extreme fibers is determined 
by the given magnitude of load. 

Several relationships are presented in Fig. 6, obtained in the above 
manner for various loading durations. All curves apply to the case 
of load increasing at constant strain rate and for an average concrete 
strength of 3000 psi at 56 days. These curves show clearly how important 
the effect of time is on the behavior of the compression zone in flexure. 
With decreasing rate of straining, the value of maximum stress de- 
creases gradually. The effect of creep, however, causes a rise of the 
descending branch of the stress-strain curves. 

The described proposal for the determination of a basic law of stress 
distribution pre-supposes that, for each rate of strain in the various 
fibers of the flexural compression zone, there appear the same stresses 
as in corresponding fibers of a concentrically loaded prism. This need 
not be strictly true in reaiity, because a mutual interaction of the 
variously deformed fibers of the compression zone in flexure may 
be possible due to transverse deformation. In any case the resulting 
errors are small—as proven by comparative tests—and do not sub- 
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stantially change any derived conclusions. They can be neglected in 
favor of a systematic study of the time factor. 


COMPRESSIVE STRAIN IN EXTREME FIBERS 


An important question must be answered at this stage: for an 
individual case, what are the values of compressive strain in the 
extreme fibers according to the new laws of stress distribution? This 
question has a simple answer: In every load test the strain in the 
extreme fibers is always that which will yield the required internal 
moment. The ultimate load is that corresponding to the maximum 
attainable value of the internal moment. 

Fig. 7 demonstrates how the stress law can be analyzed with this 
aspect in mind. For a definite cross section of the compression zone 
in flexure and a chosen position of the neutral axis (Fig. 7 concerns 
a rectangular cross section and c/d=—0.4), the resisting moment is 
plotted as a function of the strain in the extreme fibers. To determine 
the magnitude of the internal moment, the stress block factor a and 
the coefficient k. are used to compute the magnitude and position of 
the concrete compressive force. These coefficients can be derived for 
any assumed value ¢, of the strain in extreme fibers from the stress 
distributions shown in Fig. 6. The curve of the relative internal 


Rectangular section 


f= 3000 psi 






at 56 days 
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Fig. 7—Resisting moment as 
a function of strain and time 
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Concrete strain in extreme fibers, Ec 
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moment of the compression zone about the centroid of the tensile steel, 


c c 
= sepr= tg (1-5) (1) 
shows a clearly defined maximum in Fig. 7 for each loading duration 
which maximum corresponds to the ultimate moment, M,. The corre- 
sponding strain in the extreme fibers is the ultimate strain, «,. 

Fig. 7 further shows that the stress distributions applying to different 
loading durations lead to different values of ultimate moment and 
ultimate strain. Joining the various ultimate moments by a curve 
shown as a heavy line in Fig. 7, the dependence of the ultimate moment 
on duration of loading is seen. This curve usually shows a clear 
minimum. Hence, assuming that load is increased in such a manner 
that the rates of strain ifi the various fibers remain constant with time, 
there exists a definite duration of loading which leads to the lowest 
ultimate moment. 


EFFECT OF POSITION OF THE NEUTRAL AXIS AND OF SHAPE 
OF CROSS SECTION ON ULTIMATE STRAIN 


The results shown in Fig. 7 apply to one chosen position of the neutral 
axis only and to a rectangular cross section. When the same compu- 
tations are carried out for different positions of the neutral axis and 
for various shapes of cross section, indications are obtained regarding 
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fe = 3000 psi at 56 days 
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p=reinforcement percentage 
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ky=-$ at ultimate strength 
(See also Fig. 9) 
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Fig. 8—Ultimate strain as a function of cross section and position of neutral axis 
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the degree to which the extreme fiber strain and the stress distribution 
at ultimate strength depend on these variables. 

Examples of the results of such investigations are shown in Fig. 8. 
It shows extreme fiber strains at ultimate strength for several typical 
cross sections after 1 hr of loading and for an average concrete strength 
of 3000 psi at 56 days. The two mathematicaily extreme cases of position 
of the neutral axis were considered. The solid circles in the figure 
represent the case where the neutral axis is located at the centroid 
of the tension steel, the open circles denote the case when it lies at 
the upper edge of the cross section. In actual cases involving bending 
of reinforced concrete beams, the neutral ax‘: will be between these 
two extreme positions. Fig. 8 shows clearly that the shape of the cross 
section has a decisive effect on the value of ultimate strain. For a 
triangular compression zone, a case which often occurs in biaxial flexure 
of columns, the ultimate strain is twice that for a T-beam. When the 
neutral axis is located at the centroid of the tension stee!, this can be 
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Fig. 9—Strain and stress distribution at ultimate strength after | hr, f,’ = 3000 
psi at 56 days 
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qualitatively understood by the stress distribution shown in Fig. 9. For 
the idealized T cross section, most of the compression zone area is 
located in the upper flange, so that maximum internal moment occurs 
for that extreme fiber strain which gives maximum stress in the flange. 
For the triangular cross section, however, a major portion of the 
compression zone is located closer to the tension steel. Hence, maximum 
internal moment occurs for a relatively large extreme fiber strain 
giving maximum stress at some distance below the apex of the triangle. 
This theoretical deduction was confirmed by tests. 

Fig. 8 also shows that the position of the neutral axis is of marked 
influence. This effect is least for T-beams and greatest for a triangular 
compression zone, which can be understood as follows. In an idealized 
T cross section, the magnitude of the lever arm of the internal forces 
is almost independent of the position of the neutral axis. Thus, at 
ultimate laad, the strain in the extreme fibers is always close to that 
which yields the maximum internal compressive force. Conditions are 
different for a triangular compression zone. The magnitude of the 
ultimate moment is strongly affected by the length of the lever arm 
of the internal forces as well as by the magnitude of the internal 
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Fig. 10—Ultimate strain-concrete strength relationships 
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compressive force. In a rectangular cross section the position of the 
neutral axis still has an appreciable effect on ultimate strain. 

The values reproduced in Fig. 8 and 9 apply to average concrete 
strength of 3000 psi and a rate of deformation at which failure takes 
place in 1 hr. In spite of this limitation, the value of the ultimate strain 
in the extreme fiber varies from about 0.0022 to 0.0048. If other concrete 
strengths and other rates of deformation are considered, even more 
pronounced differences may be expected. 

A very important point is arrived at here. Most ultimate strength 
design theories advanced heretofore started out from the assumption 
that the stress distribution in the flexural compression zone, as well as 
the value of ultimate strain, were constant or at most dependent on 
concrete strength. In reality, however, these important design quan- 
tities are affected not only by concrete strength, but even to a greater 
degree by the rate of loading, the position of the neutral axis, and the 
shape of the cross section. 

This qualitatively explains the wide divergence of the values of 
ultimate strain arrived at on the basis of earlier theories published 
by various authors, as shown in Fig. 10. It can even be argued that 
all these reported values, though apparently contradictory, can actually 
occur side-by-side. They were probably recorded under widely different 
conditions, and the fundamental error consisted in generalization. 


EFFECT OF SUSTAINED LOADS 


This discussion has so far dealt with a loading method characterized 
by a constant rate of strain. Even at very slow strain rates, therefore, 
maximum load exists only for a very short time period. This loading 
method is close to conditions existing in laboratory tests of structural 
specimens. The loading of actual structures generally takes place in a 
more unfavorable manner. In such structures, the load is applied rela- 
tively quickly and is then held constant. 


7 


The difference between these two types of loading is schematically 
illustrated in Fig. 11. The curves drawn with dashed lines correspond 
to loadings at constant strain rates. The rates shown correspond to 
failure after 1 hr, 1 day, and 3 months. The curves drawn by full lines 
correspond to loads applied in about 20 min and then held constant. 
It is seen that, for failure after a given period of time, the constant 
loads lead to somewhat lower failure loads than loading at constant 
strain rates. The investigations described below contribute to the study 
of these phenomena. 

For some years the Munich Materials Laboratory has conducted tests 
of the effect of sustained load on the strength and deformation of 
concrete.®:* Difficulties in keeping a relatively high load constant over 
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of concentrically loaded concrete prisms) 


a long period of time, even when concrete contracts under creep, were 
overcome by the development of a hydraulic loading arrangement such 
as is shown diagrammatically in Fig. 12. The piston rests on a rubber 
capsule which is connected to a constant pressure source. Piston leakage 
is eliminated, and the load can be kept constant practically without 
attendance. Eccentricity of loading can be varied by the hand crank 
arrangement shown, thus displacing the specimen laterally with respect 
to the force axis. Deformation was measured by mechanical strain gages. 

A climate-controlled testing laboratory was used, in which a number 
of test specimens were subjected to load simultaneously. In these tests 
several identical specimens were subjected to concentric sustained load. 
The magnitude of load was varied for individual specimens. Its ratio 
to the ultimate load in a short-time test was designated as degree of 
loading. In this manner, the load can be determined at which the test 
specimen will just be able to sustain over an infinite length of time 
without breaking. The corresponding average compressive stress is 
called the sustained load strength. In addition, one observed increases in 
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deformation, i.e., creep under very 
high degrees of loading. Fig. 13 and 
14 show selected results of these in- 
vestigations for concentric loading 
and concrete of a 5000 psi average 
strength. The eccentricity of load 
was varied in other tests series. 
Fig. 13 shows the influence of 
the degree of loading on the defor- 
mation and time elapsed up to fail- 
ure. All specimens were concentri- 
cally loaded 56 days after casting. 
The failure in a conventional short- 
time test occurs in about 20 min at 
an ultimate strain of about 0.0025. 
For specimens subjected to a sus- 
tained load with degree of loading 
less than one, two families of 
curves with different characteris- 
tics are obtained. As long as the 
degree of loading is higher than 
that corresponding to the sustained 
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Fig. 12—Testing arrangement for sus- 
tained load tests 


load strength, the deformations eventually increase rapidly and lead to 
failure. For loading below the sustained load strength, the deformation 
curves become stabilized and approach limiting values of strain. 
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Fig. 13—Strains under sustained load applied at concrete age 56 days 
(concentric loading of prisms at 56 days) 
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Fig. 14—Influence of load intensity and duration on concrete strain 


The same results are given in Fig. 14 in terms of curves for applied 
load versus strain with time after loading at an age of 56 days as a 
parameter. It can be expected that the limiting line on the left of the 
diagram will become close to a straight line for extremely short dura- 
tions of loading, until finally it will coincide with the elastic straight 
line relationship denoted E, in the figure. On the lower right the 
diagram is limited by the creep deformations corresponding to an 
infinite duration of loading. At the top, the diagram is limited by the 
failure line, which shows decreasing strength for increasing load dura- 
tion. The two parameter curves shown between these limits correspond 
to conditions after 100 min and after 7 days, respectively. The limiting 
lines of the diagram described above, enclose all possible relationships 
between stress and strain. 

The Munich tests have shown that sustained load strength of a con- 
centrically loaded concrete specimen amounts to at least 75 percent, 
and on the average to about 80 percent of the strength determined in 
a short-time test. The short-time strength is then defined as the 
strength of an identically cast and identically old specimen, which 
remains without load and is tested in a standard short-time test of 
about 10 min duration at the time when the twin specimen under 
sustained load has collapsed. This short-time strength depends on age 
and storage conditions and is usually greater than the strength at the 
time of loading which is used as a basis in Fig. 13 and 14. 

The ratio of sustained-load strength to short-time strength is, according 
to our evidence, independent of concrete strength. In accordance with 
the chosen definitions it is also fairly independent of concrete age at 
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Fig. 15—Effects of time on strength 


application of sustained load. However, since short-time strength in- 
creases with time after casting, the time elapsed until failure still 
has a pronounced effect on the absolute value of the sustained-load 
strength. 

Concrete loaded shortly after casting is subjected to two different 
effects. The strength reduction caused by sustained load is counteracted 
by the strength increase with time. As the strength reduction due to 
sustained loading is particularly pronounced immediately following 
application of load, failure of a young concrete constitutes a danger 
only during the first days after 
load application. The effect of addi- 
tional hardening becomes predomi- 
nant thereafter. In contrast to this, ¢ 
for a very old concrete which has Si 
reached practically its full strength 
before it is loaded, failure under 
sustained load may occur after very %04) 
long periods of loading. This effect [ 
of age at loading can be approxi- 2 ae, { 
mately. expressed by the following rae 
relation, set up on the basis of the Le " 
test findings shown in Fig. 15 and Ratio of eccentricity to depth of sect 
16. The strength of a concrete 
failing under sustained load at the 





Fig. 16—Effect of eccentricity 
on strength 
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Fig. |7—Effect of age at load application on sustained load strength 


time t days after loading at an age of a days is: 


lnm = f'c28 C rast) Ce Cy i e C+ Cy (2) 


in which f’.., represents the concrete strength at the age of 28 days; | 


a denotes the age of concrete at the beginning of sustained load appli- 
cation; t is duration of load after the full load (applied in a period of 
20 min) has been reached; f’,, is the short-time concrete strength at 
an age of (a+ t) days; and A is the relative eccentricity of the load 

=e/t. In this manner, the effects of continued hardening and of 
eccentricity of load are expressed by the coefficients C,a++) and ¢y, 
which can be obtained directly from experimental data. The values 
of the coefficient c;, expressing the influence of the sustained load, 
were derived by means of Eq. (2) from sustained load test data. The 
curve to the right in Fig. 15 shows the effect, c,,++), of continued curing 
on short-time strength for a concrete with a 28-day strength of 4300 
psi. The flat curve beginning to the left expresses the effect of sustained 
loading, c;, and was determined for sustained loadings applied from 20 
to 448 days after casting. Fig. 16 shows the effect, c,, of eccentricity 
on the average compressive stress at failure. The tests indicated that 
c, is independent of the duration of loading. Hence, values determined 
with particular care in short-time tests were sed to develop the 
relationship shown in Fig. 16. 

Fig. 17 reproduces results derived from Eq. (2) for two groups of 
concentrically loaded test specimens (A=—0; c,=—1.0), loaded at ages 
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of 10 days and 1 year. The selected logarithmic scale provides a good 
general trend, but does not reveal the details of strength changes occur- 
ring immediately after loading. Therefore, the same values were plotted 
in Fig. 18 on a larger time scale and as a function of duration of load. 
This diagram reveals clearly that the lowest strength is attained in 
the young concrete after a loading duration of 6 hr, while no minimum 
is apparent for old concrete even after a loading duration of several years. 

The interrelationship between the sustained load strength, the age 
of concrete at application of load, the duration of loading, and the 
eccentricity of the applied load has been discussed. The question of 
deformation existing at failure is a more difficult problem. The failure 
does not occur suddenly, but it is a result of a gradual destruction of 
the internal structure of the material accompanied by a rapid increase 
of the deformation as shown in Fig. 13. Hence, it is difficult to give 
a reliable value for the deformation at ultimate strength. The test 
values vary within a wide range and apply to a stage in which the 
deformations already have reached values that are excessive in terms 
of practical usefulness. 

Under these circumstances it is suitable for design purposes to con- 
sider a state of deformation which precedes failure. This can be done 
in various ways, for example, one could consider the deformation just 
at the onset of its rapid increase, indicating that failure is imminent. 
The writer feels that a suitable choice of deformation is that which 
exists at one-half of the loading duration to failure in sustained load 
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Fig. 18—Influence of time on strength under sustained concentric load 
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tests. As another possibility deformations to be used in design could be 
obtained by a test, in which the degree of loading is below the sustained 
ultimate strength, say 90 per cent. 

It is not intended to discuss the advantages and disadvantages of 
such possibilities here. This would be worthwhile only if sufficient 
experimental data were available, so that the relative merits of the 
various methods could be evaluated. In the following, therefore, only 
the basic concepts of the new approach will be presented. The principal 
reason for selecting the deformation at one-half the time to failure is 
that sufficient experimental data were available from sustained load 
tests of 70 days duration between loading and failure. 

Fig. 19 and 20 reproduce some results of the eccentric sustained load 
test series of concrete prisms which results are used as a basis for 
the present formulation of flexural theory. Fig. 19 shows the relation- 
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ship between load eccentricity and the average compressive stress 
causing failure after 70 days under sustained load. The load was 
applied 56 days after casting. The corresponding edge deformations 
are shown in Fig. 20 for load duration of 35 and 70 days, that is, for 
half the failure time and the complete time to failure. 

In Fig. 19 and Fig. 20 the deformation developing at both edges and 
the corresponding average value of the stresses leading to failure after 
a duration of loading of 70 days can be read off for variable eccentricity. 
It was attempted to derive a stress-strain relationship which would 
correlate these test results. To this end a stress diagram limited by 
the two edge deformations was drawn for each value of eccentricity. 
The area and center of gravity of the diagram must conform to the 
measured values. As a first attempt diagrams were used whose upper 
boundaries were parabolic. The boundary lines shown in Fig. 21 fit 
rather well into a continuous stress-strain envelope. By trial and error 
better curves can be found as more test results become available. The 
remaining deviations will be tolerable and to a large extent attributable 
to unavoidable scatter of test results. 

Fig. 22 presents the derived stress-strain envelope which applies for 
one-half the load duration in tests carried out on concrete which failed 
after 70 days’ duration of sustained load, applied 56 days after casting. 
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Fig. 22— Probable stress- 
strain relationship from sus- 
tained load 
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This curve establishes another basic law of stress distribution which 
permits study of strength in the compression zone of structural members 
as a function of shape of cross section and position of the neutral axis. 
This can be carried out in the same manner as described in the present 
paper for stress-strain curves derived for constant rates of deformation. 

The curve of Fig. 22 applies only to an age at loading of 56 days and 
a duration to failure under sustained load of 70 days. In the same 
manner one can, of course, by further experiments find curves which 
would apply to other ages, loadings, and load durations. 


PRESENTATION OF THE RESULTS IN A DIAGRAM 


The author suggested in 1950° plotted the values required in ultimate 
strength design of rectangular cross sections as a function of the reduced 
moment of the internal concrete compressive force about the centroid 
of tensile reinforcement: m,— M,/bd?f,’. Two coefficients are plotted 
as ordinates which define values at ultimate strength of the position of 
the neutral axis (k,—c/d), the lever arm of the internal forces 
(ju = jud/d), and also the strain (e,,) in tensile reinforcement. 

Fig. 23 shows the values of these coefficients at ultimate strength 
for a case of rectangular cross section and average concrete strength 
of 5000 psi at 400 days for constant strain rate, and at 56 days for sustained 
load. The diagram also takes into account effects of time. Several cases of 
loading at constant rate of strain were considered, the time elapsing to 
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failure being 10 min to 1 year. In addition, the case of sustained load 

applied at the age of 56 days and held constant to failure at 70 days was 

considered. The following comments will serve to explain the diagram: 
(a) Because the values m, = M./bd2f.. = (M.+ P. e.)/bd?f.’ were se- 
lected as abscissae,* this diagram applies to the case of pure flexure as 
well as to the case of combined flexure and compression. In general, low 


m, values correspond to pure bending, and high m, values to combined 
flexure and compression. 


(b) The lowest coefficient in the diagram for the lever arm of the 
internal forces is j. = 0.50. The resultant of the internal compressive stresses 
then is at the center of the cross section, that is, the case is one of a con- 
centrically loaded column. 


(c) The coefficients k, and j., which determine the position of the neutral 
axis and the lever arm of the internal forces, are least affected by dura- 
tion of loading. The coefficient k. increases with increasing duration of 
loading, since the strength reduction due to time is compensated for by a 
lowering of the neutral axis. This leads to a reduction of the lever arm 
of the internal forces, expressed by a reduction of the coefficient ju. 


(d) The strain in tensile reinforcement, ¢.., is most strongly affected 
by duration of loading. 


CONCLUDING REMARKS 


This paper presents only an outline of a new flexural theory. The 
author is well aware that this work has not yet come to a decisive 
conclusion, and that the proposed design method does not constitute 
a completed solution. Thus, for example, there may be divided opinions 
as to the selection of the loading state from which the deformations 
forming the basis for sustained load design are to be determined. 


Naturally it is unthinkable that practical design should involve the 
effect of duration of loading in detail. Not only would such a procedure 
be much too laborious, but it must also be admitted that in most cases 
it cannot be foreseen at all what service loads a structure will actually 
be called upon to carry during its lifetime. 

Under these circumstances one is forced to start out from the least 
favorable conditions which can normally occur. The diagrams shown 
above permit us to realize clearly that these least favorable conditions 
occur under long-time action of a constant load. 

The safety of reinforced concrete structures is generally related to 
their strength at 28 days. According to the reasoning followed in this 
paper, failure under sustained load can occur in young concrete only 
during the first few days, as long as ordinary portland cement is used. 
Furthermore, the case of young concrete being subjected to high loads 
is possible in most structures due to so-called construction loads. 


*Msz is internal moment of concrete force about centroid of tensile reinforcement at ulti- 
mate strength; Mo is moment of external forces about centroid of section; P» is external 
axial force acting in centroid of section; and es is distance between tensile reinforcement 
and section centroid. 
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Therefore, the requirement to design all structural units for a low 
age at loading, such as 28 days, is not unreasonable. 

In this manner, it appears possible to replace the families of curves 
in Fig. 23 by a new design diagram, which presents only one curve for 
each of the three quantities needed in design, k,, j,, and €,,. Tests 
which could be used in establishing these curves are lacking at present. 
However, by interpolating tests for other ages at loading, it is possible 
to estimate the probable shape of these curves. This is presented in 
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Fig. 24, although only for an average concrete strength of 4300 psi at 
28 days. The final design chart should contain the three curves for 
each of several concrete qualities. The j, curves will probably be so 
close together that they can be replaced by a single curve. 

Such a diagram appears to offer the best opportunity to summarize 
in a simple form all the results of the theory of flexure developed 
here. Naturally, there are many other methods of presenting the 
quantities needed in everyday design, such as diagrams, tables, and 
simplified empirical formulas. 

The advantage of a design chart of the type shown in Fig. 24 lies 
in its general scope of application. It embraces the entire range of 
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stress conditions from pure bending to concentric compression. It can 
be used for all concrete strengths and steel qualities and applies to 
reinforced concrete as well as prestressed concrete. The diagram applies, 
however, only to rectangular cross sections, although similar diagrams 
can be plotted for other cross sectional shapes. The general applicability 
of such a diagram is illustrated in the appendix. 
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APPENDIX — DESIGN EXAMPLES 


The four examples below apply to a rectangular cross section with dimensions 
as shown in Fig. A-1. The quantities k., j., «.. needed in design are taken from 
the design diagram in Fig. 24. It should be emphasized again that the internal 
and external forces given in the examples of this appendix correspond to 
ultimate strength 


Example No. 1 


Design load: Pure bending; M. = 2620 in.-kips 
Material: Reinforced concrete; f.’ = 4300 psi; cold worked de- 
formed bars (see Fig. A-1) 
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Fig. A-l—Design cross sec- 
tion and stress-strain curves 
for reinforcing steel 


thousands of ps 





r y 
! 1 
M.. = 2620 2620 
Relative ont: Mu : = << S"_ = 0.211 
en bd?f’ 9x19°x%43 12,420 
Internal moment arm: jud = 0.832 « 19 = 15.8 in. 
Steel stress: for Es. 0.0085, fau 59.8 ksi (steel yielding) 
: M 2620 : 
A, required: Mees 7 a = 2.77 sq in. 
jd fu 15.8 X 59.8 q 
Example No. 2a 
Design load: Bending and axial load acting at section centroid; 
M. 2620 in.-kips, P. 156 kips 
Material: Same as in Example 1 
Moment about tensile Mu M,. + P. (d — t/2) 2620 + 156 (19 — 10) 
reinforcement: 4024 in.-kips 
9) 
Relative moment: Me 4024 0.324 
12,420 
Internal moment arm: jud = 0.690 « 19 13.1 in. 
Steel stress: for es. = 0.00165, f.. — 46.5 ksi 
A, required: ( M. — P, ) = _! (a — 156 )= 3.25 sq in. 
feu \ jud 46.5 \ 13.1 
Example No. 2b 
Design load: Bending and axial load acting at section centroid; 
M,. = 3500 in.-kips, P. = 156 kips 
Material: Same as Example 1, plus compressive reinforcement: 


A,’ = 0.80 sq in., d’ = 1 in. 


Moment about tensile 


3500 + 156 (19 — 10) 4900 in.-kips 
reinforcement: 


Estimated position of le 


: 0.80; c kid 0.80 « 19 = 15.2 in. 
neutral axis: 





28 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


Tensile steel strain: 


Compressive steel 
strain: 


Moment resisted by 
compressive rein- 
forcement: 


Moment resisted by 
concrete: 


Relative moment: 
New position of 
neutral axis: 
Internal moment arm: 
Stress in tensile 


reinforcement: 


A, required: 


Example No. 3 
Design load: 
Material: 


Relative moment: 


Internal moment arm: 


Strain at level of 


July 1960 
&+u = 0.00162 
cee c—d _ 15.2—1 — 09,0060 
u— Osu — . 1 = 
e e a 0.00162 55 759 


= A,’ fin (d—d’) = 0.8 x 58.6 x 18 = 844 in.-kips 


M, = 4900 — 844 = 4056 in.-kips 


4056 
12,420 


k, — 0.813 (0.80 estimated k, is all right) 


= 0.327 


Ms. — 


jud = 0.685 x 19 = 13.0 in. 


for e.. = 0.0015, f.. = 45.0 ksi 


L(i-P) arf 


a] 


1 /4056 58.6 
= — 156 0.80 
45.0( 13.0 , ) +t 45.0 


= 4.51 sq in. 


Pure bending; M. = 3500 in.-kips 
Prestressed concrete, bonded, f.’ = 4300 psi; prestress- 
ing steel, see Fig. A-1 
3500 
mR. = = .282 
12,420 monn 
jad = 0.753 x 19 = 143 in. 


: teu — 0.0037 
reinforcement: 
Strain in reinforce- 
ment due to effective &.6 — 0.0040 
prestress: 
Total strain in tins ees Hee ce ONT 
reinforcement: 
Steel stress: feo = 227 ksi 
A, required: ‘ Me _ 3500 = 1.08 sq in. 
40 GO Few 14.3 « 227 
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Instantaneous and Long-Time 
Deflections of Reinforced Concrete 
Beams Under Working Loads 


By WEI-WEN YU and GEORGE WINTER 


The availability of high strength steels and concretes and the acceptance 
of ultimate strength design have made it possible to utilize much shallower 
flexural members than in the past. The larger deflections of such members 
make it imperative for the designer to possess simple and reliable methods 
for pre-computing the expected deflections. This refers not only to deflec- 
tions immediately upon load application, but also, and particularly, to long- 
time deflections under anatase abl This paper presents two simple meth- 
ods, each, for calculating instantaneous and long-time deflections under serv- 
ice loads. The methods are checked against the results of 175 deflection tests 
from nine different investigations. Agreement is found to be uniformly satis- 
factory for design purposes. 


M@ THE ADVENT OF ULTIMATE STRENGTH DESIGN and the increasing use of 
high strength reinforcing steels and concretes have made possible the 
use of shallower flexural members and have reduced the need for com- 
pression steel as compared to previously current designs. Reduction of 
depth and of compression steel both tend to increase short-time as well 
as creep deflections. It is apparent, therefore, that with the advent of 
these newer methods the control of deflections assumes much greater 
importance than heretofore. 

There has been little agreement on the correct way to pre-compute 
short-time (“instantaneous”) deflections and there has been even less 
information on long-time (“creep”) deflections under sustained loads. 

This paper presents simple methods for pre-computing the instan- 
taneous and long-time deflections of reinforced concrete beams under 
working loads. Extensive comparisons of calculated and experimental 
results indicate the degree of agreement with 90 test results from six 
different investigations for instantaneous deflections, and with 85 test 
results from five different investigations for creep deflections. 

It is shown that for both types of deflections the maximum deviations 
for most of the 175 tests are confined to the range of +20 percent with 
standard deviations ranging from 0.09 to 0.15 for the various methods. 
This is believed to be more than adequate accuracy for deflection pre- 
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dictions. Most of the deflection test results with which the proposed 
simple formulas are compared, have been obtained by other investigators. 
However, in regard to creep deflections, and to a lesser extent to instan- 
taneous deflections, available evidence was chiefly confined to rectangu- 
lar beams. For this reason a series of 12 tests have been carried out at 
Cornell University on T-beams, six under short-time loading and six 
under sustained loading, whose results are included in the test evidence. 

The “working loads” to which the proposed deflection formulas apply 
are those computed on the basis of ultimate strength design, with a load 
factor of 1.8, corresponding to the appendix of the 1956 ACI Code. 

The methods here presented are intentional simplifications of rather 
complex processes. They are meant to serve as practical engineering tools. 
More fundamental studies of the nature of reinforced concrete beam 
deflections, particularly under sustained loading, will be published by 
the first of the two authors in a separate paper. 

Appendix 1 presents the derivations of the correction factor in Method 
B and of the “modified sustained modulus of elasticity” in Method C. 
Appendix 2 reports on the Cornell University tests of instantaneous and 
creep deflections of T-beams. 


Notations 

A. = cross-sectional area of tension I[., = moment of inertia of cracked 
reinforcement transformed section 

b =6©= width of rectangular beam or = ratio of depth of neutral axis 
flange width of T-beam to effective depth of beam 

d = depth from compression face 7 -- length of beam span 
to centroid of longitudinal ten- M = bending moment 
sile reinforcement : ; 

Sue Maz = bending moment at design load 

E. = secant modulus of elasticity of 
concrete n = modular ratio (E,/E.) 

E’.1 = modified sustained modulus of ™:! = sustained modular ratio 
elasticity of concrete at time t (E,/E'e:) 

fe’ = cylinder compressive strength P = ratio of tensile reinforcement 
of concrete (A,/bd) 

‘. = yield stress of the reinforcing 4. = instantaneous deflection of the 
steel beam 

H = total depth of rectangular 68.: = long-time deflection of the 
beam or T-beam beam 

METHODS 


Instantaneous deflections 

Two simlified engineering methods for calculating instantaneous de- 
flections are: 

Method A—The instantaneous deflection of reinforced concrete beams 
‘ under working loads can be computed by using the usual elastic deflec- 
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tion equations, in which E and I are determined as follows: E, = 1000f,’ 
is satisfactory for deflection calculation at design loads and for I the 
moment of inertia of the cracked transformed section is to be used. 

This conclusion, except for the value of E,, is identical with that ob- 
tained by Guralnick from evaluating previous T-beam tests at Cornell 
University.* For the secant modulus at design load, E,, more accurate 
expressions than 1000 f,’ are available. It is found, however, that short- 
time deflections are quite insensitive to moderate changes in the value 
of the concrete modulus. To simplify matters it is, therefore, proposed 
that the ACI Code value, 1000 f,’, be used in deflection calculations. If 
this value is changed in future code editions, the revised values should 
then be used, and will be found to give practically identical calculated 
deflections. 

Method B—The use of the cracked, transformed section in Method A 
implies that the entire concrete on the tension side does not contribute 
to the rigidity of the member. This is evidently only an approximation 
since the concrete between tension cracks does add to the rigidity. In 
Method B a correction factor is employed to account for this influence. 
The derivation of this factor is given in Appendix 1. 

Consequently, the instantaneous deflection of reinforced concrete 
beams under design loads may be computed alternatively by multiplying 
the value obtained from Method A by a correction factor, [1—(bM,/M) ]. 
Here b is the width of beam at tension side in inches, M, is defined as: 


M,= 0.1 (f.’)2?3 H (H—kd) 
where H is the total depth of the beam. The value of M, may be read 
from Fig. 1. 
Long-time deflections 


Two simplified methods were developed empirically from tests of 68 
beams: 

Method C—The total long-time deflection of reinforced concrete beams, 
including the instantaneous deflection and the creep and shrinkage con- 
tributions, can be computed by using in the usual elastic deflection for- 


nyt 
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f,= 2500 psi s f,= 3750 pst 


Mm, (IN-KIPS) 


6 10 14 18 6 10 14 is 6 10 14 


TOTAL DEPTH OF BEAM, H, (INS) 


Fig. la—Values of M, for beams 


A—p — 0.005 B—p — 0.010 C—p — 0.015 D—p 


fe = 3000 PS! 


+ 2/ 
M, =0.10#' F’3 HW (H- kd) 
(d=H-1I") 


fo =2500 psi 


(IN-KIPS) 


TOTAL DEPTH OF SLAB, H, (INS) 


Fig. |b—Values of M, for slabs 


A—p — 0.005 B—p — 0.010 C—p — 0.015 D—p 
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22 


0.020 


0.020 


(10%psi) (E’.:) 


TABLE |—MODIFIED SUSTAINED MODULUS OF ELASTICITY FOR LONG-TIME DEFLECTION CALCULATION 
2500 
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fe’, 
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0.83 
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mulas a “modified sustained modulus of elas- 
ticity,” E’.,, for the specific creep conditions. 
This modified, sustained modulus of elastic- 
ity, E’., has been obtained by adopting a 
Shank-type expression for the creep strain, 
and adjusting the constants in that expres- 
sion to fit the results of the 68 creep deflec- 
tion tests. Details of this development are 
given in Appendix 1. The moment of inertia 
of the cracked transformed section, I’, is 
computed on the basis of the value of n’., = 
(E,/E’.,.) computed from the same modified 
sustained modulus of elasticity. 

The modified sustained modulus of elas- 
ticity is given in Table 1. The manner in 
which it depends on concrete strength, age 
at loading, and duration of sustained load can 
be visualized from Fig. 2. 

Method D—In Method C an attempt has 
been made at a rational derivation of a de- 
flection equation from a general, empirical 
creep expression. In ACI committee corres- 
pondence Robert Sailer suggested that alter- 
natively creep deflections could possibly be 
determined as a simple multiple of the in- 
stantaneous deflections. Investigation showed 
that no single multiplier would be adequately 
accurate for the purpose. It also showed, how- 
ever, that if such a multiplier is made to de- 
pend in a simple manner on duration of sus- 
tained loading and on conditions of reinforc- 
ing, a simple method for predicting long-time 
deflections is obtained. 

Correspondingiy, the total long-time deflec- 
tion of reinforced concrete beams can be com- 
puted alternatively by multiplying the in- 
stantaneous ceflection as calculated from 
Method A by a factor F. Values of F are given 
in Table 2 or Fig. 3, according to the duration 
of loading and the reinforcing condition. 
Deflection of continuous beams 

For continuous beams, the average moment 
of inertia of the positive and the negative mo- 
ment regions is to be used in the deflection 
calculation. 
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Beams with compressive reinforcement 
The effect of compression reinforcement is accounted for by taking 
(n — 1)A’, in computing I,, for the cracked transformed section. The 


appropriate value of n is to be used for short and long-time deflections, 
respectively. 


COMPARISON OF TEST RESULTS WITH CALCULATED VALUES 


The degree of agreement of the proposed simplified methods are indi- 
cated in the following comparisons with test resulis. 


Instantaneous deflection 


Method A—The comparison of observed deflections with those calcu- 
lated from Method A is shown in Fig. 4 for 68 rectangular beams and 22 
T-beams from six different investigations. 

Table 3 contains the following data in connection with the instantane- 
ous deflections for each of the 68 rectangular beams and 22 T-beams: 
author and reference, beam number, shape of beam, f.’, fy, deaic, Srest, ANA 
the ratio Of S.airc tO Strese- 

In Table 3, the average ratio of calculated to tested deflections for 90 
beams is 1.051 and the standard deviation is 0.151. If the beams which 
failed in shear or bond rather than flexure are excluded, then the average 
ratio for the rest of the beams is 1.081 and the standard deviations is 0.144. 


MODIFIED SUSTAINED MOOULUS OF ELASTICITY, Egy (10% Psi) 


Fig. 2—Modified sustained 
modulus of elasticity for use 
with cracked section 





° 
10 100 1000 10000 


DURATION OF LOADING (DAYS) 
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Method B—The comparison of observed deflections with those calcu- 
lated from Method B is shown on Fig. 5 and in Table 3. The agreement 
between calculated and test values obtained from this method is better 
than for Method A, but by an amount which seems to be of limited prac- 
tical consequence. 

The average ratio of calculated to tested deflections for 90 beams is 
0.974 and the standard deviation is 0.140. But for the beams which failed 
in flexure, the average ratio is 1.003 and the standard deviation is 0.122. 
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TABLE 2—VALUES OF F (MULTIPLIER FOR METHOD D FOR 
LONG-TIME DEFLECTION CALCULATIONS) 

Duration F Duration F 
ot loading, | - - of loading, ~~. — — 

t As only | As’ = ‘%A; | As’ = As t As only | As’ = %2A; se’ se 
“1 month 1.58 1.42 1.27 2 years 2.65 2.15 1.80 
3 months | 1.95 1.77 1.55 2% years 2.72 2.16 1.81 
6 months 2.17 1.95 1.69 3 years 2.78 2.18 1.81 
9 months 2.31 2.03 1.73 4 years 2.87 2.20 1.82 
1 year 2.42 2.08 1.78 5 years 2.95 2.21 1.82 
1% years 2.54 2.12 1.80 








Long-time deflection 

Method C—73 rectangular beam and 12 T-beam test results from five 
different test programs are used to compare the calculated and experi- 
mental long-time deflections as shown in Fig. 6. 

Table 4 contains the following data for each of the 73 rectangular beam 
and 12 T-beam observations: author and reference, beam number, shape 
of beam, f.’, fy’, Scaics Srest, the ratio of dai tO Siar, Compressive reinforce- 
ment, age at loading, and duration of loading. 

The average ratio of 5,,;, to 5,,., for 83 beams is 0.957 and the standard 
deviation is 0.088. For beams with only tensile reinforcement, the average 
ratio is 1.04, but for beams with both tensile and compressive reinforce- 
ment it is 0.88. This shows that the effect of compressive reinforcement 
is somewhat overemphasized in the calculation of the rigidity E’,,l’., in 
this simplified method. 
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Fig. 5—Comparison of cal- 0-5 
culated and observed instan- 


taneous deflection by 


Method B 


0.3 


0.2 


OBSERVED DEFLECTION ( INS) 





CALCULATED DEFLECTION (INS) 


Method D—The comparison of calculated and measured results is 
shown in Fig. 7 and listed in Table 4. 

The average ratio of doi. to Srese for 85 beams is 1.024 and the standard 
deviation is 0.102. Slightly better agreement between calculated and 
measured long-time deflections is obtained by using this simpler method, 
than by Method C. 
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TARE | SINSTANTANGOUS DEFLECTION 
"Method a At Method Bt 
Investigation —— od So a Beate, r= Seate Bcate, r= Beate 
in. Stest in. Stest 
R. G. Mathey F-IA-22 | 3520 42,500 0.170 0.194 1.14 0.187 1.10 
and D. Watstein| F-IA-23 | 3590 42,500 0.180 0.201 1.12 0.194 1.08 
F-II-7 3460 69,000 0.250 0.274 1.10 0.264 1.06 
(Reference 7) F-II-12 4200 69,000 0.240 0.254 1.06 0.242 1.01 
F-III-8 3310 68,800 0.240 0.276 1.15 0.265 1.10 
F-III-13 4010 68,800 0.240 0.258 1.08 0.246 1.03 
F-IV-20 3380 70,500 0.255 0.259 1.02 0.248 0.97 
F-IV-21 3470 70,500 0.255 0.257 1.01 0.246 0.97 
F-VA-17 | 3810 98,800 0.320 0.324 1.01 0.308 0.96 
F-VA-19 | 3630 98,800 0.300 0.322 1.07 0.307 1.02 
F-VI-9 3730 104,300 0.350 0.338 0.97 0.323 0.92 
F-VI-18 3730 104,300 0.325 0.326 1.00 0.311 0.96 
Columbia Al 3550 66,250 0.313 0.372 1.19 0.330 1.05 
University All 3550 64,850 0.313 0.371 1.19 0.329 1.05 
A2 3550 65,630 0.296 0.375 1.27 0.331 1.12 
(Reference 1) Al2 3550 65,250 0.296 0.365 1.23 0.323 1.09 
A3 3550 66,900 0.400 0.370 0.93 0.327 0.82 
Al13 3550 65,150 0.405 0.367 0.91 0.324 0.80 
Bl 3550 62,430 0.355 0.448 1.26 0.428 1.21 
Bll 3550 63,500 0.380 0.387 1.02 0.371 0.98 
B2 3550 62,930 0.325 0.344 1.06 0.327 1.01 
B12 3550 65,030 0.340 0.353 1.04 0.337 0.99 
B3 3550 61,430 0.340 0.363 1.07 0.346 1.02 
B13 3550 62,550 0.290 0.311 1.07 0.295 1.02 
Cl 3550 61,370 0.360 0.398 1.11 0.386 1.07 
Cil 3550 62,000 0.340 0.387 1.14 0.375 1.10 
C2 3550 63,040 0.325 0.389 1.20 0.376 1.16 
C12 3550 64,280 0.310 0.371 1.20 0.358 1.16 
C3 3550 60,370 0.355 0.385 1.08 0.373 1.05 
C13 3550 61,520 0.360 0.397 1.10 0.385 1.07 
Di 3510 53,000 0.230 0.318 1.38 0.277 1.20 
Dil 3510 52,400 0.254 0.335 1.32 0.293 1.15 
D2 3510 53,480 0.248 0.331 1.34 0.288 1.16 
D12 3510 53,000 0.236 0.321 1.36 0.279 1.18 
D3 3510 55,100 0.200 0.302 1.51 0.260 1.30 
D13 3510 55,050 0.200 0.296 1.48 0.254 1.27 
El 3510 56,250 0.300 0.313 1.04 0.296 0.99 
Ell 3510 56,050 0.295 0.311 1.06 0.294 1.00 
E2 3510 53,860 0.294 0.301 1.03 0.285 0.97 
E12 3510 53,960 0.290 0.300 1.04 0.284 0.98 
E3 3510 55,750 0.285 0.377 1.11 0.300 1.05 
E13 3510 55,750 0.270 0.315 1.16 0.298 1.10 
Portland 20N 1770 44,400 0.131 0.177 1.35 0.164 1.25 
Cement 20A 1830 43,800 0.136 0.179 1.32 0.165 1.21 
Associationt 40N 3900 46,900 0.168 0.170 1.01 0.159 0.95 
40A 3910 47,200 0.166 0.170 1.02 0.159 0.96 
60N 5550 58,300 9.200 0.178 0.89 0.167 0.84 
60A 5300 57,100 0.180 0.176 0.98 0.165 0.92 
*Method A—Average ratio and siandard deviation: (a) for all 90 beams favg 1.051 and 


o = 0.151; (b) for the 75 beams which failed in flexure (A-1, B-1, C-1, D-1, E-1 


bf VA-W2, VB-S1, VA-S2, U-Si1, U-S2, U-W1, U-W2 are excluded) evs 
c= e e 

tMethod B—Average ratio and standard deviation: (a) for all 90 beams Tavg 
o 0.140; (b) for the 75 beams which failed in flexure Travg 1.003 and o¢ 0.122 


tUnpublished data, Portland Cement Association, Chicago, I 


§Continuous beams. 


— 


VA-S1, VA-S2, 


1.081 and 


- 0.974 and 
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TABLE 3 (Cont.)—INSTANTANEOUS DEFLECTION 


Method A* 
Investigation =n eh Son gg Hwaas — Seate 
in. Stest 
W. W. Yu, A-1 3680 105,500 1.340 1.189 0.89 
Cornell B-1 3880 105,500 1.240 1.176 0.95 
University C-1 3530 105,500 1.190 1.181 0.99 
T-beams D-1 3680 84,200 1.270 1.288 1.01 
(Reference 13) E-1 4260 105,500 0.510 0.577 1.13 
See Appendix 2 F-1 4260 105,500 2.200 2.040 0.93 
S.A.Guralnick IB-1§ 2440 84,610 0.150 0.133 0.89 
and G. Winter IIB-1§ 2440 84,610 0.220 0.202 0.92 
IID-1§ 5520 90,800 0.200 0.192 0.96 
T-beams 84,600 
IITA-1§ 3130 90,800 0.390 0.387 0.99 
(Reference 3) 84,610 
IIIB-1§ 3130 84,610 0.480 0.340 0.71 
IIIB-2§ 3130 84,610 0.330 0.342 1.04 
ITIC-1§ 5300 84,610 0.330 0.392 1.19 
83,200 
IIID-1§ 5300 90,800 0.370 0.352 0.95 
84,610 
IA-1® 3230 90,800 0.145 0.128 0.88 
IB-1® 2440 84,610 0.120 0.126 1.05 
IC-18 4930 83,200 0.165 0.132 0.80 
ID-1"® 4930 90,806 0.125 0.122 0.98 
IIB-1™§ 3240 103,106 0.172 0.178 1.04 
IID-1™§ 4490 100,200 0.170 0.184 1.08 
84,200 
ITIB-1™§ 3240 103,100 0.270 0.323 1.20 
IIID-1™§ 4490 100,200 0.270 0.335 1.24 
84,200 2 
W. McGuire BU-S1 3010 42,900 0.250 0.273 1.09 
and G. Winter -Ww2 3190 70,200 0.425 0.388 0.91 
BB-Sl 3270 45,500 0.265 0.285 1.08 
(Reference 6) -S2 3470 45,200 0.295 0.274 0.93 
-Wil 3420 66,000 0.447 0.373 0.84 
-Ww2 3390 65,500 0.420 0.380 0.91 
BO-S1 2840 45,900 0.274 0.289 1.06 
-S2 2910 45,700 0.275 0.292 1.06 
BO-W1 2800 65,800 0.328 0.349 1.06 
-W2 2910 66,300 0.360 0.370 1.03 
VA-S1 3080 35,900 0.170 0.137 0.81 
-S2 2830 41,600 0.180 0.148 0.82 
-Wl 2800 64,400 0.246 0.209 0.85 
-W2 3140 65,800 0.265 0.204 0.77 
VB-S1 2940 35,600 0.145 0.133 0.92 
-S2 2760 37,200 0.162 0.142 0.88 
U-S1 2900 41,000 0.034 0.029 0.85 
-S2 2750 41,200 0.036 0.033 0.92 
-Wil 2660 65,500 0.051 0.043 0.84 
-W2 2780 66,100 0.052 0.045 0.87 


*Method A—Average ratio and 


0.151; 


standard deviation: 


(a) for all 90 beams Targ = 
; (b) for the 75 beams which failed in flexure (A-1, B-1, C-1, D-1, E-1, VA-S1, VA-S2, 
VA-W1, VA-W2, VB-S1, VA-S2, U-S1, U-S2, U-W1, U-W2 are excluded) favg 
o = 0.144. 


*Method B—Average ratio and standard deviation: (a) for all 90 beams 
7 0.140; (b) for the 75 beams which failed in flexure Tavg = 1.00 


tUnpublished data, Portland Cement Association, Chicago, I. 


§Continuous beams. 








39 
Method Bt 
Scate, — Seate 
in. ~~ Steet 
1.120 0.84 
1.100 0.89 
1.110 0.93 
1.240 0.98 
0.530 1.04 
1.890 0.86 
0.120 0.80 
0.182 0.83 
0.173 0.87 
0.362 0.93 
0.300 0.63 
0.593 0.92 
0.371 1.12 
0.318 0.86 
0.123 0.85 
0.119 0.99 
0.135 0.82 
0.116 0.93 
0.159 0.93 
0.169 1.00 
0.288 1.07 
0.308 1.14 
0.239 0.96 
0.338 0.80 
0.265 1.00 
0.254 0.86 
0.343 0.77 
0.350 0.83 
0.277 1.01 
0.280 1.02 
0.332 1.01 
0.352 0.98 
0.131 0.77 
0.143 0.79 
0.201 0.82 
0.196 0.74 
0.127 0.88 
0.136 0.84 
0.024 0.71 
0.028 0.78 
0.036 0.71 
0.038 0.73 
1.051 and 


1.081 and 


Tavg = 0.974 and 


3 and « = 0.122 








1960 


July 


JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


So 
wv 


L6°0 
20 
68°0 
260 
660 
£60 
L160 
r6'0 
80'T 
860 
860 
sor 
66°0 
66°0 
£6°0 
LOT 
>8'0 
¥8'0 
sot 
20'T 
86°0 
stt 


ort 
STT 
160 
st Tt 
06°0 
6TT 
SsTT 
080 
z3'0 
$#939 i. 


=d4 
91029 


a poyww 


Bes 
9I'l 
cz'9 
69°9 
06'1 
9e'¢ 
Iz 


Lo'9 
“ul 


06°0 60% 
23°0 SPT 
£6°0 90°T 
66°0 269 
Z0'T A 
STT 07% 
90°T 99°S 
ort 80°9 
LOT soe 
S2'T 07% 
160 cc} 
£60 69°F 
S60 92° T 
L3°0 6e°f 
88°0 Lye 
L3'0 £e% 
b6°0 61 T 
8L'0 LL'é 
6L°0 wee 
£60 ToT 
88°0 9Le 
060 Ts T 
86°0 160 
6I'T Itt 
21 ert 
96°0 ste 
61 T oT 
96°0 eT’ 
498°T S66 
+18'T S66 
eer 6¢°6 
bel S66 
aren ‘ul 
Sieg = 01999 
Oo poueN 


Zez Ih 342 
18'T 14 %Z 
bTT 14 %Z 
Z0'L IA %T 
82 L IA %Z 
161 IA 2% 
ges IA %T 
pc's IA %Z 
ore IA %Z 
9L'T IA %Z 
86°F IA %T 
LoS IA %Z 
£e'1 Ik 32 
16'€ IA %&T 
96°E If 3% 
9¢°% IA %Z 
LaT IA 1% 
98° IA %T 
88°F Ik %Z 
60°T Ih HZ 
sT¢ IA %Z 
10°% Ik %Z 
£6°0 Ih 342 
£6°0 If¢ 
£6°0 If¢ 
82° IAG 
coz Ik 
87's Ik¢ 
ees IAG 
oss If¢ 
07 L I£§ 
OL IAG 
‘ul Surpeol jo 
"#939 uorTjyeing 





NOIL931430 JWIL“ON 


| 
| 





tI — oe 
+I 'y OV 
tI ‘"y=.'V 
tI auOoN 
eI asuoN 
tI auoN 
tI auoN 
tI auoN 
ia! auoN 
tI aUuON 
tI ‘V%i=—.°V 
bI ‘Vv %=.°V 
tT *Vk=—.°V 
vr ‘Vi=.°V 
tI "Vv % “V 
br ‘VK —.°V 
br ‘Vt =.°V 
tI ‘VvV=,.°V 
bI ‘v= .V 
br ‘V=.°V 
tI ’ = Pi 
Lai "vV=.°V 
br "—Vv=."°V 
9 auOoN 
9 @uoN 
9 au0ON 
9 sUuOoN 
9 auoN 
9 aUuON 
9 au0oN 
9 aUuON 
9 aUuON 
sAep 
‘Surpeoy| PIBUI_IIOTUIBA 
ye asy sAISSaIdwog 
OT—+ T1V1L 


0OL'ES 
000°Z9 
002'9S 


008'6b 
00€°6r 
00'6h 
00865 
00£'6b 


sd 
‘Af 


068% 


00et 
ogee 
OfZE 
0662 
0662 
O@ZE 
Ob6Z 
O0F62 
020€ 
0f9¢ 


066% 
0662 
O@ZE 
0b6Z 
OF6Z 
0Z0E 
oege 


0662 
0662 
O@ZE 
O0F6Z 
020€ 
oege 


o6ee 


OL8Z 
0F9z 


Ost? 
O9Tt 
068h 


1sd 
“ot 


«bX 


eZ IZ 


*bA 
™X 
ea 
ea 
£d 
£9 
£9 
ta 
eV 


94 
9a 
9a 
99 
99 
9a 
9V 


ca 
sa 
sa 
sO 
gD 
sd 
SV 


NN 
<HOOaaa 


i 
Age 


rs) 
<hOARa 


vT 
< 


<<Nv0AwMKUT 


‘ON 
weeg 





(ZI aoueleyey) 
NLA “DH ‘d pue 
eysem “M D 


(II aouerezey) 


yONLA “DH ‘d pue 
eysem “M “"D 





(OT s0uarazay) 


eyseM "M “D 





uoTyesNSeAu] 











4) 


BEAM DEFLECTIONS UNDER WORKING LOADS 


Zoro = # 
bZO'T = **"4 
rT ebb 
60°T ST 
90°T 6L2 
860 00% 
£0'T 67% 
L60 soz 
rt Of b 
80°T aaa | 
bO'T ele 
L60 96'T 
Z0'T b2% 
96°0 1% 
ort LOov0 
66°0 Z0r'0 
00'T £6e°0 
00'T £6£°0 
ort PIP O 
bora | 600 
ett ose 
trT 89% 
st t 9L'T 
sot 08% 
80°T Ive 
ort 6e°T 
gee3 ul 
ieee = £01999 

a Powe 





880°0 ° 
§L96'0 = **"4 
66°0 98°¢ 
88°0 1o'T 
80 1ez 
08'0 £9'T 
080 BLT 
9L'0 20% 
86'0 9L'e 
L3'0 86°0 
28°0 ) 
03°0 Zot 
080 SLT 
suo L6T 
8P'T 8Ps'0 
LET 6s¢°0 
9T'T 6sP'0 
ST T 8sP'0 
Itt Tee'0 
86'0 9ze°0 
T8°0 oz 
6L'0 cet 
68°0 eel 
p80 b2% 
23°0 oot 
06°0 eT IT 
49930 ‘ul 
01099 4 “91999 
Oo pouIeN 


88°0 


TLe°0 
Lovo 
c6e°0 
b6E°0 
L620 
pee'o 
oT es 
98% 
6r'T 
L9z 
96'T 


Lat 


ul 
"49939 


NOIL931430 INIL-ONOT—(#H9D) » F1EVL 


oul 9g 
oulg 
oulg 
ow g 
ow g 
oug 
oul ¢ 
oulc 
oulg¢ 
ourcg 
oul ¢ 
owl ¢ 


Ou! § 
oul § 
oul 6 
oul 6 
oul 6 
oul 6 
A 4g 


=z 


Bh he 
n> A 


"1G 
IA %Z 
IA %2% 
IA %Z 


nar 


Burpeor jo 
uoljeing 


‘TH 


be 


Te 
8% 
62 


8% 
8% 
oI 
br 
a 


br 

br 

br 

skep 
‘Burpeol 
ye a8y 


624 JUBWIBDIOJUIAs BAISS@IGWIOD puke asus} YO IOFJ ‘H0'T 


‘OZBdIYD ‘UOTIEIDOSSy JUsUIaD pueTWOg 


auON 
auON 
auON 
'vy=.°V 
Vu=V 
auON 
auON 
aUuON 
auON 
V=.'V 
'Vun=—.'V 
auON 
auON 
auOoN 
auoN 
auON 
auON 
aUuOoN 


eUuoN 
aUuoN 
aUuON 


t “Vv 
v4 =. 
t “V 


yUBIWIBDIOJUIII 
@AISsaIduU0D 





6av, ATUO JUBUIBDIOJUIOI a[Isua} 10g § 


‘ezep peysiiqnduy ¢ 


‘6404 JO UOTJE[NITLO |9Y} UT PapNyouT JON 4 


00s’ SOT 
00¢'SOT 
002° 8 
00¢"SOT 
00s'SOT 
00S'SOT 
00S" SOT 
00S'SOT 
002° +8 
00S'SOT 
00s’ SOT 
00¢"SOT 
OOT'LS 
00" 8S 
002° Lb 
006'9% 
008'Eb 


006 bP 


NOLES 
009°0¢ 
000°Z9 
0OL‘es 
009°0¢ 
000°29 


isd 
A 


‘sulvaq snonuTju0D , 


Vaangaradac 
AMRk&<MNLARK 


Ze 999 
Ss <AQv 


< 
i=) 
+ 


NO? 


ON 
weeg 





Zz xIpueddy aves 
(EI eouarazey) 
sueeq-L 
AyIsIsaAIUQ 


[[aus0g 
TA MM 


} UOT] eLOOSsYy 
}UsUIID 
puelylog 


("yuo0D) 
4A “D ‘d pue 





UOTJEBYSIAUT 





42 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE July 1960 


Fig. 7—Comparison of cal- 

culated and observed total 

long-time deflection by 
Method D 


TOTAL DEFLECTION (INS) 


OBSERVED 





° I 2 3 4 5 6 7 8 9 10 


CALCULATED TOTAL DEFLECTION (INS) 


CONCLUSION 


Two simplified methods worked out on the basis of 90 beam tests are 
presented for instantaneous deflections calculation. Method B provides 
slightly better results from the comparison of 90 calculated and experi- 
mental instantaneous deflections. The correction factor, 1—(bM,/M,), 
is adequate in reflecting the influence of concrete in tension on the short- 
time deflections. 

Based on the long-time test results of 68 beams, two simplified methods 
are developed empirically. As compared in Table 4 and shown in Fig. 6 
and 7, results obtained by using the simpler Method D are somewhat 
closer to the experimental values. 

Fig. 4, 5, 6, and 7, as well as Table 3 and 4 show that with few excep- 
tions all the proposed methods will predict short and long-time deflec- 
tions within +20 percent. Considering the great variety of factors which 
influence deflections (strength and elasticity of concrete and steel, creep, 
shrinkage, degree of cracking, humidity, temperature, and others) it is 
believed that better accuracy can hardly be expected of a simple method. 
More important, it is believed that this accuracy is ample for engineering 
purposes. In practice it is generally irrelevant whether the deflection of 
a girder is % in. or % in.; but it is of utmost importance to know in 
advance whether it will be % in. or 1% in. 
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APPENDIX 1 


Derivation of correction factor in instantaneous deflection, Method B 


Assumptions of derivation—(a) Plane sections before bending remain plane 
after bending; (b) a straight line neutral axis can be used to represent the aver- 
age of the actual, variable position of the neutral axis. 


Determination of average moment of inertia—In view of tension cracks, the 
actual rigidity of a beam is variable along its length, being largest between 
cracks where the tension concrete contributes to the rigidity, and smallest 
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Fig. A-I 


directly at a crack. Refcrring to Fig. A-1, let pay be the average radius of curva- 
ture of the beam. Then 


1 me (Al) 
Pavg E. Tees 


or 
1 - Cs-avg -_ {. -avg (A2) 
Pavg d (1—k) E, d (1—k) 
where E, = secant modulus of elasticity of concrete 
Iawg = average moment of inertia along the beam 


€,-avwg = average strain in reinforcement 
f.-evg = average stress in reinforcement 


To find the average stress in the reinforcement, the contributing effect of the 
concrete in tension has to be considered. As in Johnson’s method,‘ let the aver- 
age tensile stress of concrete between cracks be expressed as 


fe avg — ki f- 


where f, is the modulus of rupture of plain concrete. 


The part of the resisting moment corresponding to the average tensile stress 
of concrete, fr-a.y, as shown in Fig. A-1(c), is 


M’ = T’ X 2/3 H = 1/2k, f- (H—kd) b x 2/3 H 
M’ = 1/3 k. f-b H (H—kd) (A3) 


The stress in the reinforcement corresponding to M’ can be computed by 


ae M’ ae 
siaioa A,jd ~ pbjd@ — 
But at the cracked section, the steel stress 
- Ma 
is pbid (A5) 


where Mz is the moment under working loads. Then the actual average steel 
stress is 


(A6) 
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Substituting the value of f,-ev, into Eq. (A2), 


1 a Maz — M’ Ma (A7) 
pare E.pbjd*(1—k) = nA,d*? (1—k)j 
E 1 — ™’ 
Mz 


Comparing Eq. (Al) and Eq. (A7), the average moment of inertia is 


A,d2(1—k) j Tee 
Keo 2 =o ia (A8) 
: aE 
Ma Ma 
where I., is the moment of inertia of the cracked transformed section, and 
1 — (M’/M.) is the correction factor to account for the influence of the tension 
concrete. 


Determination of resisting moment M’ due to the tensile stress of concrete— 
From Eq. (A3) 


M’ = 1/3 k, f.b H (H—kd) 
Many attempts have been made to express the modulus of rupture of concrete 
as a simple fraction of f.’. An equation 
f. = ke (f.”)* 
has been indicated as a better function by Guralnick? and also by a Russian text.® 
Thus Eq. (A3) can be changed as follows 
M’ = 1/3 k, ke (f.’)** bH (H—kd) 
or 
M’ = k;(f.’)** bH (H—kd) (A9) 
where ks = 1/3 ky kz. 
Sixty-eight of the short-time load beam tests have been evaluated to deter- 
mine the constant k;. The average value of k; was found to be 0.097 (Reference 


13) but for simplicity k; = 0.1 can be used without noticeable error. Thus 
M’ = 0.1 (f.’)** bH (H—kd) 
M’ = bM;, 


Then the correction factor of Method B is 
( 3 ) ( Pas "a ) (A10) 
Ma Ma 


M, = 0.1 (f.’)** H(H—kd) 


This equation has been plotted for some conditions in Fig. 1. 


where 


Derivation of modified sustained modulus of elasticity, E’., (Method C) 
The value of the modified sustained modulus of elasticity, E’.:, can be derived 
from the following equation: 


1 
oo. All 
. Co + Concer ¢ ) 
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where e. = elastic or instantaneous strain for a stress of 1 psi 
= (1/E.) and (E. = 1000 f.’) 


@.asor = Strain caused by creep and shrinkage for a stress 
of 1 psi 


If we consider the shrinkage effect as a certain percentage of the creep, then 
the total strain due to shrinkage and creep may be computed by a modified 
Shank equation,’ i.e. 


Cumecr — ¥ af tt? . (A12) 
where Y = multiplier according to the number of years under load’ 
t = duration of loading in days, but not to exceed 365 
c’ = modified coefficient of creep and shrinkage for standard 


portland cement, in millionths. In the present investigation 
this coefficient has been determined backwards from creep 
deflections in beam tests, by trial and error. The best fit was 
found to be 


c’ = 1.86c = —9-98 (A13) 
Va 
Here c is the coefficient for creep deduced previously by Shank from creep 
tests.’ It is defined as 
0.500 _ 
Va 
where a is the age at loading, in days. 


Substituting the value of e,,,-- into Eq. (All) the modified sustained modulus 
of elasticity is 


ce= 


(A14) 


, 1 E 
as = pe an (A15) 
y oe Ye t 1+E.Yc't 
E. 
Values calculated from this equation are given for various conditions in Table 
1 and Fig. 2. 


APPENDIX 2—REPORT ON CORNELL UNIVERSITY TESTS ON 
DEFLECTIONS OF T-BEAMS 


Beam specimens 


The program consisted of testing 12 reinforced concrete T-beams (all dimen- 
sions are shown in Fig. A-2). Six beams (Series 1) were tested for instantaneous 
deflection in a uniform load testing frame. Six identical twin beams, which were 
tested for creep deflections (Series 2), were uniformly loaded at the service 
load by blocks of lead. 

To reflect the effects of compressive steel, flange-web ratio (F/W), and span- 
depth ratio (L/D) on creep deflections, the beam specimens were designed as 
follows: 

Three cases of compressive reinforcement—(a) no compressive reinforcement 
(Beams A-1 and A-2); (b) compressive reinforcement = 1/2 tensile reinforce- 
ment (Beams B-1 and B-2); and (c) compressive reinforcement = tensile re- 
inforcement (Beams C-1 and C-2). 

Two flange-web ratios—(a) F/W = 2 (Beams A-1 and A-2); and (b) F/W = 
4 (Beams D-1 and D-2). 
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Fig. A-2a—Arrangement of reinforcement 
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Fig. A-2b—Arrangement of reinforcement 
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Three span-depth ratios—(a) L/D = 14 (Beams E-1i and E-2); (b) L/D = 20 
(Beams A-1 and A-2); and (c) L/D = 30 (Beams F-1 and F-2). 


Materials 


Concrete Mix—Cement used in all beam specimens was a mixture of Huron, 
Alpha, Penn Dixie, and Hercules brands. 
Aggregate was supplied by Rumsey-Ithaca Sand and Gravel Corp. with the 
following properties: (a) Sand—fineness modulus = 2.86, specific gravity = 2.67; 
(b) gravel—maximum size = 5/8 in., specific gravity = 2.64. 


TABLE A-I|—PROPERTIES OF CONCRETE AT 28 DAYS 


Placement 


1 


f-’, 
psi 


3679 


3883 
3534 
4258 


Average test results 


Hrs 
psi 


403 
386 
397 
444 


E., 


108 psi 


3.07 


3.08 
3.05 
3.12 


108 psi 


2.56 


2.51 
2.50 
2.62 


TABLE A-2—AVERAGE MECHANICAL PROPERTIES OF REINFORCEMENT 


Bar size, 


No. 


5 
7 


Yield stress, 


psi 


105,500 
84,200 


Ultimate stress, 


14 
13 


psi 
7,900 
9,600 


Percentage of 
elongation, 
percent 


9.12 
19.6 


TABLE A-3—BEAM TEST RESULTS—UNDER INSTANTANEOUS LOADS 


First diagonal 
tension crack 


E < 
oS | 
v 8 
0 £4 
“iz 
= 
3 
A-1 | 0.73. 
B-1 0.83 
Cc-1 | 0.73 
D-1 1.22 
E-1 1.03 
F-1 | 0.72 


Maximum 
shear, kips 


8.21 
9.21 
8.21 
13.42 
7.85 
7.83 


psi 


Shearing stress, 


z 


173 
154 
1b1 
1.4 
246 


Jack load, 
kips 


1.01 
| 1.15 
1.00 
1.62 
2.01 
1.08 


* Including the weight of beams. 


Failure 


Maximum 
shear, kips 


11.01 
12.41 

10.91 
17.42 
14.71 
11.43 


Shearing stress, 
psi 


233 


204 
248 
221 


351 


Positive moment, 
in.-kip 


in.-kip 


Computer Mu, 


826.0 
831.6 
819.8 
915.6 
779.8 
473.3 


failure 


Type of 


D.T 
D.T 


ok 
oh 
D.T. 


F.T 


Total service 
load,* lb per ft 


441 
439 
804 
842 
260 


lb per ft 


Service live load, 


in 


Instantaneous deflection 
at service live load, 


1.25 


1.10 
1.18 
0.49 
1.99 
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The final proportion of water for the concrete mix was on the basis of : ump 
tests; the slump for all mixes was in the range of 2 % to 3 ¥% in. 

Reinforcement—Longitudinal reinforcement with a nominal yield strength of 
80,000 psi was used for all beams. Web reinforcement was #5 bars of interme- 
diate grade steel with nominal yield strength of 40,000 psi. 
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Fig. A-3b—Gross creep deflection curves 
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Testing equipment 


Uniform-load apparatus—Beam specimens were subjected to short-time uni- 
form loading to failure in a 30 ft long loading frame by means of 10-ton Black- 
hawk hydraulic rams spaced 1 ft along the beam. Sustained loads were applied 
by individually weighed lead pigs. 

Deflection measurements—Instantaneous deflections in all beams were meas- 
ured by dial gages (reading to 1/1000 in.). 

Deflections in the creep test were measured with a surveyor’s level reading 
against three permanent steel scales which were attached to angles fixed to the 
webs of the beams, at both ends and at midspan. 

Control cylinders and modulus of rupture tests—Standard 6 x 12-in. concrete 
control cylinders were tested in a Baldwin 400,000 lb capacity compression 
testing machine. The 6 x 6 x 2l-in. specimens for modulus of rupture were 
tested in a 12,000 lb capacity Soiltest modulus of rupture testing machine. 

Reinforcing bar tests—The #7 bars used for longitudinal steel were tested in 
a 400,000 lb Baldwin universal testing machine. A 100,000 lb capacity Amsler 
testing machine was used for #5 bars. 


TEST RESULTS 


Concrete 


The ultimate strength, modulus of rupture, initial tangent modulus, and secant 
modulus for stress at one-half of ultimate compression strength are shown in 
Table A-l. 


Reinforcing steel 


Table A-2 shows the average mechanical properties such as yield stress, ulti- 
mate stress, and percentage of elongation of the longitudinal steel. 


Beam tests 


Beams subjected to instantaneous loads—The test results of the beams sub- 
jected to instantaneous loads are reported in Table A-3. The values of M. were 
computed according to the Appendix in the 1956 ACI Code, on the basis of the 
actual yield stress as listed in Table A-2. 

Service loads were computed on the basis of the ultimate strength theory by 
using f, = 80,000 psi, load factor = 1.8, and f.’ as the average compressive strength 
of the control cylinders. 

The maximum shear and positive moment as listed include the jack load plus 
the dead load of the beam. Shearing stresses for Beams D-1 and E-1 were com- 
puted at sections located at the end of the stirrup group. 

Creep tests—The creep tests were carried out at service load for a total testing 
period of 9 months under temperatures from 76 F to 82F and relative humidities 
from 15 to 53 percent. Fig. A-3 shows the creep test results. For fuller details of 
these tests see Reference 13. 
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Title No. 57-3 


Design and Construction of the 
Civil Engineering ‘‘Arrow’”’ at the 
Brussels International Exhibition 


By A. PADUART and J. VAN DOOSSELAERE 


Belgian civil engineering was represented at the Brussels Inter- 
national Exhibition by an original and audacious reinforced concrete 
structure. It was a reinforced concrete cantilever beam ("arrow") 270 
ft long, balanced by a triangular shell roof with 95-ft sides and a 
thickness of 2!/, in. The whole construction was supported by only 
three columns. Architectural, structural design, and construction 
features are described. 


M™ REPRESENTING THE ARCHITECTS AND ENGINEER'S concept of the victory 
of civil engineering over nature, the Belgium Civil Engineering Pavilion 
erected for the 1958 International Exhibition in Brussels was also an 
effective demonstration of reinforced concrete. The reinforced concrete 
thin shell was designed to support an overhead passage permitting visi- 
tors to the exposition to get a birds-eye view of a relief map of Belgium 
open to the sun and sky. It was also intended to gracefully display an 
original esthetic technique. 


EVOLUTION OF THE PROJECT 
The form of the “arrow” resulted from a logical series of ideas based on 
the valuable structural possibilities of reinforced concrete. The evolution 
of the project is then a testimonial to this material. 


The first idea was to develop an arched bridge with a span of between 
120 to 150 m. Such a work would have satisfied the esthetic conditions 
and shown audacity, but certainly not originality. 


Wishing to promote the use of reinforced concrete thin shells, the 
consulting engineer designed the preliminary form represented in Fig. 1. 
It consisted of two masts 12 m high, each carrying three horizontal arms, 
about 10 m long, the transverse section consisting of two shells forming 
a V. These two masts were 20 m apart and supported circular walkways 





This ACI staff translation and condensation is from Annales des Travaux Publics de 
Belgigue, No. 1, 1958, with the permission of the Ministére des Travaux Publics. 
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at various levels. Restudying the idea, the architect utilized one of the 
masts to concentrate greater attention; the perspective is sketched in 
Fig. 2. The engineer estimated that it was possible to elongate one of 
the points and the draft was modified following Fig. 3. Thus, for the 
first time in the evolution an oblique arrow about 45 m long appeared. 
The other two points remaining unchanged, the mast was replaced by 
the springing of the arrow, completed by a forward leg providing longi- 
tudinal stability to the ensemble. 

The proportions and form were again redone producing an architec- 
tural design as shown in Fig. 4; the arrow was now 63 m. This princi- 
pally served as the basis for the consulting engineer’s structural design; 
Fig. 5 represents the longitudinal section. 

At this stage many modifications were again made. The length of the 
arrow was extended about 15 m. The central foot formed by the vertical 
portion of the arrow was notably lighter. At the front, the leg was 
doubled to form a self-stable tripod. The form of the cupola was modi- 
fied so as to take advantage of surfaces of double curvature. Two oblique 
ties were added to accommodate the corners of the suspended room. 


ARCHITECTURE 


The different parts of the pavilion ensemble (Fig. 6) were to permit 
visitors to observe at various angles and levels the instructive and dec- 
orative mosaic map of Belgium. 

The suspended room under the cupola, which constituted the counter- 
poise of the slanting part of the arrow, also served as the receiving hall 
and contained a display emphasizing the significance of civil engineering. 
The secondary function of the arrow was to provide a symbol of the 
possibilities of civil engineering. 

The intention was to show that it was possible to use thin reinforced 
concrete shells for valuable architectural effects and to create forms 
submissible to logical calculation and to demonstrate the ability of the 
materials to be placed for their proper expression. The rough form 
marks in the finished concrete were intentional. The marks on the sur- 
face of the concrete and the sense of its form lumber, created with the 
priceless assistance of a chief carpenter of great ability, gave to the 
concrete great architectural significance and concurrently enhanced the 
function of the forms. 
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Fig. 2—Perspective 
of second proposed 
structure 











Fig. 3—Perspective 
of third proposal 
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Fig. 4—Elevation of the fourth proposed project 
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CONSTRUCTION CONSIDERATIONS 


A suspended foot bridge, an element designed for the circulation of 
the crowd, was calculated in observance of codes for the design of 
bridges. The live load adopted in the calculations was 400 kg per sq m 
with a dynamic coefficient of 1.25. On the other hand, the suspended 
room was in large part lined with photographic panels which would 
concentrate the load of the already dense crowd. For this reason a design 
load of 300 kg per sq m was considered sufficient for the entire surface; 
500 kg per sq m being anticipated for some localized areas. 

Another important consideration was the wind effect on the arrow and 
the cupola. As we did not have values for coefficient of friction and the 
lift relative to a profile with an open corner at 60 deg, tests were made 
at the Centre National d‘Etudes et de Recherches Aéronautiques. 

The components were determined for various orientations of the axis 
of the corner and the plane of symmetry with respect to the wind. The 
coefficients c. and c, correspond, respectively, to the vertical coefficient 
and the coefficient in the direction of the wind. In addition, the coeffi- 
cient c,, gives the couple about the center of gravity of the triangle. 
These coefficients are given in Fig. 7 as functions of the angles of in- 
clination a and £. 

The actual values were obtained with the aid of these formulas: 


» bv’ 

Z=Cs la 
29 

x Ce bv" la 
29 

M Cu bv" la’ 
29 

where 6 = specific weight of the air 


wind velocity 

acceleration of gravity 

length of the angle 

- side of the equilateral triangle 


ae we 
Ho ll 


i! 


The maximum carrying capacity 
apparently was independent of the 
graphics; it was obtained by apply- 
ing the force of the wind normal to a 
the plane of symmetry of the angle. = 

The values of coefficients deter- 
mined from tests and considered in \\ 
these calculations were as follows: SS 

c= 112 Se 
a = 1.36 \ 7 
Ce = —0.175 = pirepeneton hove 

Having given the dimensions of a Arg d 

the beam, a coefficient of reduction Fig. 6—Plan view of project 
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p was applied to the wind effects. The coefficient depends on the length 
of the surface acted upon and is considered to be as follows: 


length, m 10 20 30 40 50 60 


P 086 | 081 0.78 0.76 0.75 0.74 


t 


Next in the variable actions, the effective weight ‘was taken into ac- 
count, and was most important. The results of these calculations are 
reproduced later and for the fixed end moment values of the arrow, the 
weight of the concrete alone accounted for practically two-thirds. That 
is te say, in the study of forms and thickness, it was necessary to omit 
all volume which was not absolutely indispensable and to study the 
successive sections of the beam as cells of a solid of equal resistance. 


ARROW AND CENTRAL FOOT 


The arrow which had the primary function of supporting the foot 
bridge had a length of 80 m. The cross section, which appears at Section 
AA of Fig. 5 had the form of an inverted A, in which there were three 
planes or thin reinforced concrete shells. The lower line or edge of the 
beam made an angle of 20 deg with the horizontal and an angle of 7 deg 
10 min with the plane of the top surfaces. This was considered as a solid 
of equal resistance, that is to say that the variation of the transverse 
section was such that the maximum stresses in the concrete and in the 
steel were practically attained simultaneously throughout the length. 

The two oblique planes formed 
two beams resisting together all the 
forces passing through their line of 
intersection. The horizontal branch 
constituted a diaphragm effectively 
augmenting the resistance to tor- 
sion of the beam. 

A graphic representation of the 
forces produced by the weight of 
the beam, by the tension of the 
oblique suspenders, and by wind on 
the beam permitted finding the 
most unfavorable forces arising un- 
der each plan. 

The thickness of shells in the rec- 
‘ilinear part of the arrow varied 
from 4 to 12 cm. It was 20 cm thick 
in the curved part and thickened 
tv a maximum of 70 cm in the cen- 
tral toct between the cupola and 
the suspended roof. 





Fig. 8—Reinforcement of a 
transverse rib of arrow 
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Fig. 9—Reinforcement of a tup rib of arrow 


The shells were stiffened by the transverse webs of which the shape 
and the section were increased regularly from the point toward the base, 
and by two longitudinal ribs along the upper edges. These two ribs, whose 
sections were also increasing, were designed to enclose the tensile re- 
inforcement from the beat... 

The compression member consisted of a core of triangular section “f 
lightly reinforced concrete, of which the height was 4 cm at the point 
and 1.87 m in the deepest part of the arrow. 

Fig. 8 shows the reinforcement of a transverse web situated 56.70 m 
from the poiiit. 

It is unnecessary to dwell on the concentration of steel in the longi- 
tudinal rib. In effect, in each section the surface of the concrete was 
reduced to that which was strictly necessary for enclosing the steel. Fig. 
9 and 10 give the reinforcement of an upper rib and that required in a 
stiffening diaphragm, showing the disposition of the reinforcernent. 

For each upper rib the steel section varied from one 8-nim bar at the 
point to 54 deformed bars of 32.3 mm diameter of “A-52” steel. For the 
edges of the stiffening beam the section most heavily reinforced consisted 
of 30 deformed bars of the same diameter. 

After placement, the bars were butt welded with an electric arc. This 
delicate operation was controlled by radiography and by pretested speci- 
mens. The number and length of different sections of steel to be as- 
sembled were arranged to distribute the welded joints throughout the 
length and to avoid eventual deformation of certain sections. The oblique 
walls of the beam were reinforced with 8 mm and 5 mm diameter 
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Fig. 1|0O—Reinforcement of a gusset of the stiffening slab 


“Treillarmé”; bars of 12 mm diameter were added as stirrups in sections 
where shear was high. Table 1 gives for each section of the arrow the 
most interesting information concerning the design. The abscissas were 
computed starting at the point of the arrow. The reduced shear T, took 
advantage of the variation in height of the beam. 

The moment of inertia was calculated neglecting the concrete tension 
and taking m = 15 for the section of the reinforcement. The stress 6,’ 


TABLE | — DESIGN INFORMATION 


Abscissa, m 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.3 85.0 
M, due to the 

footbridge, 

m-tons 198.4 594.2 1191.8 2106.1 3098.0 4163.0 4565.0 
M due to 

weight, 

m-tons 6.10 53.65 203.75 538.7 1176.9 2307.0 4121.0 7056.0 8573.0 
M, total, 

m-tons 6.10 53.65 402.15 1132.9 2368.7 4413.1 7219.0 11,219.0 13,138.0 
T, total, tons 1.88 8.69 50.0 100.3 169.0 240.0 2470 456.7 475.0 
M/r tons 0.61 2.68 13.4 28.3 47.4 73.6 103.3 141.0 156.0 
Tr, tons 1.27 6.01 36.6 72.0 121.6 166.4 243.7 315.7 319.0 
Tr in each 

wall, tons 0.73 3.47 21.1 41.5 70.2 96.1 140.9 182.3 184.4 
Height of 

section, m 1.25 2.50 3.75 5.00 6.25 7.50 8.75 9.85 9.85 
Moment of 

inertia, m* 0.0096 0.0950 0.6761 2.534 6.727 14.918 29.068 52.63 58.50 
v’, m 0.538 1.075 1.60 2.25 2.70 3.25 3.60 4.00 3.95 
o,’, kg per 

sq cm 34.2 60.7 95.0 100.8 95.0 96.3 89.6 86.1 93.4 
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was the maximum value; it occurred at the lower surface of the arrow. 
The stress varied from 90 to 1C0 kg per sq cm throughout most of the 
length. It should be noted that the maximum stress in A-52 deformed 
steel is 2100 kg per sq cm. 

In the neighborhood of the encasement, the beam was curved. This 
resulted in an effective tension in the vertical plane of the two semi- 
circular upper membranes. To oppose cracking of the section resulting 
from this tension, the upper membranes were relieved by a tie and by 
a shell, which appears on the longitudinal plan in Fig. 5. The tie was 
computed for a maximum force of 79.5 tons and was reinforced with 
eight deformed bars of 32.3 mm diameter, A-52 steel. 

The level of the diaphragm was necessarily arbitrary. The position 
chosen was a compromise between the two following circumstances: If 
one lowers the slab, the forces each is called upon to resist are appre- 
ciably increased and the resistance to torsion of the beam is diminished. 
On the other hand, if the diaphragm is placed too high its weight and 
its length would be increased. 

Circular openings were made in the diaphragm. In addition to lighten- 
ing the construction they permitted access to the bottom of the beam 
and thus assisted in removal of formwork from the interior of the arrow. 

Rain water which fell in the arrow was evacuated by a conductor in 
the upper face of the base core. This drain ran through the transverse 
web as shown in Fig. 8. It terminated in a pipe leading into the central 
foot and the foundations and was bolted to the drainage system. 

As indicated above, the arrow was curved to its base and prolonged by 
a foot of triangular cross section. Below the floor of the suspended room 
the foot was massive and the smallest section was a triangle 3.13 m at the 
base and 1.50 m high. 





fe 
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Deformed bar reinforcement of the arrow descended into the central 
feet and was terminated when no longer needed, following the diagram 
of bending moments. Fig. 11 indicates the various calculations which 
were considered in the design of the central foot. 


SUSPENDED ROOM 


The floor of the suspended room formed a counterpoise in the form of 
an equilateral triangle 29.29 m per side. It consisted of a slab of rein- 
forced concrete 12 cm thick supported by six beams placed radially (Fig. 
12). These beams, whose total height varied from 0.85 to 2.00 m, sprang 
from the central foot into which they were tied. In the beginning it was 
proposed to carry all of the load by this plan but the necessary height of 
beams at the intersection with the foot approached 4.50 m. The mass thus 
created was completely disproportionate; this solution was also aban- 
doned for esthetic reasons. 

A hinge was therefore introduced in each of the six radiating beams at 
the midpoint of their length. The length of brackets was thus reduced 
to a minimum but there was posed the problem of supporting the ends 
of the beams. For this purpose an edge beam (P4 in Fig. 12) was added 
to constitute a lower chord of a bowstring beam placed in the oblique 
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Fig. |12—View of underside of suspended room 
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Cupola _ plan of the window frame. The alu- 
A minum window mullions, spaced at 
aie od 1.00 m, formed the suspenders of 


attachment | 


this beam and the outer surface of 
the arc was materialized by the 
edge reinforcement of the cupola 
(see Fig. 5). 

Brains ojala The bowstring beam was of the 
| 24-strend cote g7am Langer type, characterized by the 
910- 3X10 pm fact that the moment of inertia of 
the arched element was negligible 
against that of the bottom chord. 
In such a beam the bending mo- 
window _trame attechment ments resulting from an unequal 
distribution of the loads were car- 
ried entirely by the lower chord; 
the arched rib was designed for 
Ly _l simple compression and its unsup- 
ported length was considered to be 
the length separating two neigh- 

boring suspenders. 

The upper rib was calculated as an arc of two segments possessing the 
following characteristics: span—27.90 m, rise—12 m. 

The loads applied were broken down as follows: weight of P4—930 kg 
per m; weight of window frames—0 to 417 kg per m; radiating beams— 
Pl = 12.2 tons, P2 = 23.6 tons, P3 — 21.1 tons. 

The results in the lower element of P4: tension—N — 48.0 tons: flex- 
ure—M = 21.9 m-tons. 

A supplementary tension equal to 28.8 tons was produced by the shell. 

The section was 80 x 40 cm and was reinforced with four 32.3 mm di- 
ameter A-52 bars top and bottom. The compressive stress in the arc was 
40 kg per sq cm at the crown and 53 kg per sq cm at the base. Certain 
glazing mullions in excess of 6 m long were reinforced to resist wind by 
a 200 x 15-cm steel plate enclosed in an aluminum casing, the moment of 
inertia of the encased column being equal to 780 cm‘. With the window 
mullions fitting into beam P4 under an average wind pressure of 40 kg 
per sq m, the deflection in the largest mullion was 18 mm, which was less 
than 1/700th of the span. The maximum stress was 11.1 kg per sq mm in 
the steel and 3.8 kg per sq mm in the aluminum. 

The supports of the Langer beam were located in two exterior angles 
of the triangular room. Each reaction was resolved along the axes of 
Beam P4, Beam P1 and its oblique tie, P5, of prestressed concrete joining 
with the top part of the central foot. 

The two ties P5 along the lateral glazing of the room contributed 
greatly in resisting the moment of the arrow. Each tie in a square sec- 


Prestressed Concrete Tie 
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Fig. 13—Section of lateral glazing and 
prestressed concrete tie 
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tion of 37 cm per side was pre- 
stressed with 96-wire strands of 7 
mm diameter grouped in four Bla- 
ton-Magnel cables of 24 strands 
(Fig. 13). It also contained seven 
bars of 25 mm diameter designed to 
resist the flexure produced by the 
load before prestressing. 

The limits of forces for tie P5 
were as follows: N minimum — 251 Fig. 14—Cross section of suspended 
tons, N maximum = 324 tons. — 








CUPOLA AND FORWARD LEGS 


The cupola which covered the suspended room was a shell of double 
curvature generated by the translation of a second degree parabola (Fig. 
14) along the curvilinear directrix shown in Fig. 5. The calculation was 
made by cutting the surface into a series of arcs for each of which the 
apex was determined. The location of these points divided the shell into 
five regions: two which carried the load of the exterior angles of the 
room; a central triangular band exerting a force on the arrow; and fi- 
nally two zones extended toward the soil in the form of the forward legs. 
The thickness of the cupola was 6 cm in most places; it increased to 12 
cm in the neighborhood of the connection with the mullions and to 15 
cm to form the are of the Langer beam. 

The two legs which, without disrupting continuity, prolonged the vault 
toward the foundations, were of variable section completed by a lower 
stem of which the form was such that the neutral axis of the global sec- 
tion was practically rectilinear. Fig. 15 shows a transverse section of a 
leg. 

The maximum longitudinal compression carried by a leg was 730 tons. 
Including the eccentricity of the compression, the maximum stress in the 
concrete was 57.6 kg per sq cm. 

The reinforcement included important stirrups in the wings designed 
to resist the bending produced by the longitudinal forces in the curved 
parts. 
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Fig. |16—Scheme of reactions FE; 
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The section at the base of the legs formed a trapezium of which the 


large side was curved and in which the area was equal to 1.30 sq m. r 
Cc 
FOUNDATIONS , 

The central foot and the two forward legs formed a stable tripod rest- t 
ing on three foundation bearings. 

For calculation of the reactions, plastic joints were considered in the ’ 
structure at the base of the central foot and at the upper and lower 
extremities of the legs. 

In elevation, the assembly acted as a three-hinged arch (Fig. 16) in 
which one of the branches was practically rectilinear and the other was 


prolonged by an extremely important overhang. The design took into 
account the weight of the arrow, effect of the wind, tension in the sus- 
penders of the foot bridge, load of the shell, force in the prestressed con- 
crete ties, and weight of the floor in the suspended room. 

Fig. 16 indicates the reactions corresponding to the condition when the 
foot bridge and the suspended room were simultaneously loaded with a 
crowd. 


CONSTRUCTION 


Earthwork and general grading began during the summer of 1956 and 
28 Franki piles were placed during December of the same year. The three 
foundation bearings were formed, reinforced, and concreted in March, 
1957. 

During this time the carpenters erected a large layout floor on which 
all wood templates of the arrow and of the shell were manufactured. The 


Fig. |7—Layout floor: prep- 
aration of template for cu- 
pola form 
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Fig. 18 — Scaffolding and 


formwork assembly 





preparation of a template for the shell is shown in Fig. 17. The templates 
corresponded to the parabolic generatrices spaced at 1 m on the plan. 
They stood on the floor of the suspended room and served to support 
the formwork of the shell. 

Fig. 18 is a general view of the centering for the formwork. For con- 
struction of the arrow, metallic tubular scaffolding (Fig. 19) was erect- 
ed. The maximum dimensions of the scaffolding were: length—75.52 m, 
height—36.60 m, and width—15.50 m. 

The total load of concrete supported was equal to 405 tons. There were 
358 tubular posts and the total weight of the scaffolding was about 240 
tons. 


ae Se aitael 


Fig. 19—Tubular steel centering for the arrow 
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The foundations for the tubular scaffolding consisted of unreinforced 
concrete footings resting on the compacted soil. The permissible load on 
the soil was: vertical load without wind, 0.200 kg per sq cm; vertical 
load with wind, 0.400 kg per sq cm. 

The feet of the posts were sealed into the footings to anchor the scaf- 
folding. In addition several guy wires were added to increase the security 
against rocking in case of exceptionally high winds. The floor formwork 
of the suspended room was also supported by tubular scaffolding. 

To give maximum importance to this aspect of the construction and to 
accentuate the character of the reinforced concrete work, the formwork 
was built entirely of finished lumber. Each element of the formwork 
was oriented for esthetic effect in the finished concrete. The lumber was 
placed normal to the lower edge; also small wood laths (8 x 40 mm) 
were fastened horizontally on the formwork and are visible in Fig. 20. 
Their purpose was two-fold: 


(1) Providing, after removal of formwork, grooves in the surface, making 
less noticeable the irregularities produced by the interruptions in con- 
creting. 

(2) Augmenting the bond between the formwork and the concrete to 
avoid the weight of the arrow, before decentering, coming entirely on the 
central tubes of the scaffolding. 


These grooves, which are visible in Fig. 21, converged toward the ex- 
tremity. Certain of them were stopped intermediately to make sure that 
the distances between diminished progressively. 


Fig. 20—Placing reinforce- 


ment in the arrow 
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Fig. 21—Partial view of ar- 

row, support, and suspended 

walkway. Note the grooves 
in the arrow 





Fig. 20 gives a general view of the reinforcement of the arrow. Note 
particularly the metallic mesh, the reinforcement of the transverse webs, 
and the principal deformed bars of the gussets tying into the anti-wind 
diaphragm. Before the reinforcement was completed it was necessary to 
form the interior part of the partitions and the anti-wind diaphragms. 

Fig. 22 shows the reinforcement over a Jarge part of the shell. The 
darker part is a double layer of reinforcement. One can distinguish the 
rectangular openings which were cut in the formwork to anchor the win- 
dow mullions, and also the wood fastened to the formwork in the field 
to form the outer edge of the concrete shell. 

The concrete for the arrow and the vault contained 450 kg of high- 
early-strength cement per cu m. Concrete was consolidated by vibrators 
fastened to the formwork and by internal vibrators. The compressive 
strength of the concrete at 28 days on 20-cm cubes was always in excess 
of 400 kg per sq cm. The construction was also tested with a hardness test 
hammer from the completion of concreting to decentering about 1 month 
later. The last phases of concreting were carried out with the lowest 
temperatures often running in the neighborhood of 0C. Nevertheless, 
the work was never interrupted, thanks to the measures taken by the 
contractor: heating of aggregate and mixing water; protection of the 
fresh concrete by straw and covers; and introduction of hot air under the 
cupola and on the interior of the arrow. 


Fig. 22 — Reinforcement of 
the cupola 
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Concrete, totaling 676.9 cu m, was placed for the arrow as follows: 


Foundation bearings 75.3 cu m 
Arrow 256.6 cu m 
Central foot 122.8 cu m 
Forward legs 49.1 cu m 
Shell 56.5 cu m 
Suspended room 98.0 cu m 
Ties 4.77 cum 
Suspended foot bridge 13.9 cu m 


It is evident that because of the thin sections adopted for the major 
part of this construction, the proportion of reinforcement is high. The 
quantity of steel placed in the work equalled 119.6 tons as follows: 


Steel A-37 51.0 tons 
Steel A-52 57.6 tons 
Treillarmé 11.0 tons 


This represents about 175 kg of steel per cu m of concrete. 


DECENTERING 


Seven days after concreting of the point of the arrow, the forms were 
removed for a length of 1.50 m to check all movement of the scaffolding 
which would inevitably cause cracking and thus give the member low 
strength. This extremity (Fig. 23) was provided with a metal eyelet 
connected to a steel wire supporting a weight, designed to measure 
displacements. 


The problem of deflection of a beam with a projection 80 m long was 
extremely important and received a great deal of attention. The elastic 
deformation of the arrow due to a maximum load was calculated. The 
moment of inertia for each transverse section was determined, neg- 
lecting the tensile concrete, and taking for the sections of steel a modu- 
lar ratio of m equal to 5.25 with a modulus of elasticity for steel of 
2,100,000 kg per sq cm and 400,000 kg per sq cm for the concrete. The 
calculation of vertical displacement effected. by double integration of 
the diagram of elastic loads M/EI is summarized in Table 2. 


Considering the creep of con- 


TABLE 2 — VERTICAL crete and the desired perspective, 


_ DEPLACEMENT CALCULATIONS it was decided to give the beam a 


M/EI, 


Abecis-| 1, ov M. lym’  w.em camber double that calculated. As 
neon wetted whens It, the concrete was placed 

; z ; 5+ a result, the conc Ww p 

10 0.00596 6.10 2.56 36.7 101 cm above the theoretical level. 
20 0.0634 55.65; 2.115 25.3 

30 0.394 402.15 2555 | 163 A calculation was also done for 
40 1.538 1132.9 1845 10.1 

50 4.007 23687 1479 45.44 the deflections produced only by 
60 8.892 4413 1.231 2.48 the loads of the reinforced concrete 
70 17.198 7219 1.051 0.8 


803 | 31.08 «11219 0911 0 beams and the resultant is given in 
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the diagram in Fig. 24. Note that 
the deflection of the point calculat- 
ed with a modulus of elasticity of 
concrete equal to 400,000 kg per sq 
cm is 29 cm. 


The operation of decentering was 
conducted following a conservative 
and detailed program and proceed- 
ed without incident during this del- 
icate phase of the construction. The 
conditions were as follows: Fig. 23—Tip of the arrow 





(1) Avoid any sudden loading. 


(2) Avoid all abnormal applications of loads to the arrow, the vault, and 
the prestressed ties. 


(3) Avoid all overloading on certain parts of the scaffolding. 
(4) Maintain at all times a satisfactory equilibrium between the arrow 
and the counterweights for the triangular room and the vault. 


The principal stages of the work were as follows: 
(1) Putting into each of the two beams (P5) sustaining the angles of the 
triangular room, 48 strands stressed at 100 kg per sq mm. 
(2) Complete decentering of the vault by lowering the wood templates. 
Removing the formwork and shores to relieve all the forces imposed on 
the floor of the suspended room. 


(3) Putting in each of the P5 beams 24 strands stressed at 100 kg per 
sq mm. 


(4) Decentering the arrow by progressively lowering the tubular scaf- 
folding. 
(5) Decentering the floor of the triangular room. 


(6) Putting in each of the P5 beams the remaining 24 strands stressed 
to 100 kg per sq mm. 


Of all of these operations the decentering of the arrow was the most 
important. 

As the presumed deflection was 29 cm and inasmuch as the screwjacks 
ordinarily used in tubular scaffolding have a movement not exceeding 


datum line - Ae 
Fig. 24—Assumed deflection —- —— ) 
of arrow (ordinates are given a. ” ” ideaiaiaiame lt ania <i , 
in cm) 
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| ee ee | t—_| Fig. 25—Time table of de- 
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19 cm it was necessary to place in each support two superimposed screw- 
jacks. The lower screwjacks were situated at the same level about 8 m 
above the ground, whereas the upper jacks were placed under the sup- 
ports of the joists in the formwork. The 20 sections of tubular scaffolding 
were designated from A to T and for each of them there was determined 
the presumed deflection of the arrow (Fig. 24). 

The scaffolding was lowered by the lower jacks so that at each instant 
the descent of each head of scaffolding section was proportional to the 
ordinate of the curve of deformations. The number of turns to be given 
to each screwjack was thus variable and the work was divided in one 
set of operations corresponding each to three turns of the jack in section 
A situated under the point of the arrow. One turn of the screwjack rep- 
resented a descent of 5 mm. 

The arrow was decentered by a crew of 40 men divided into five groups 
of eight men. The progression of work is shown in Fig. 25 and it is inter- 
esting to compare this with Fig. 26 giving the deflections of the point 
during the course of this operation. Jacking-down took about 3 hr, at 
which time the beam no longer rested on the scaffolding. 

The drop of the point of the arrow at the end of the decentering opera- 
tion was 24 cm and it was measured each day during the following 
month. The variation, which was perceptibly influenced by changes in 
temperature, is represented in Fig. 27. Significant creep was observed 
following the first 15 days and amounted to a total displacement of 34 cm. 
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Fig. 24—Deformation during 
Number of operations decentering 
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Thanks to the laths, the formwork stuck to the concrete and was de- 
tached from the branches terminating the tubular sections. The timbers 
were then removed progressively one by one from the concrete. 


PARTICULAR CHARACTERISTICS OF THE PROJECT 


1. The contrast of dimensions was exceptional for reinforced concrete, 


particularly when we find thicknesses of 0.04 m in contrast with the total 
length of 100 m. 


2. The precision achieved in thicknesses of the shells reflected greater 


accuracy than one is in the habit of envisioning for civil engineering 
works. 


3. The large curved surfaces gave rise to out-of-the-ordinary problems 
of scaffolding and forms and the placement of reinforcement. 


4. The construction required the placing of materials of diverse natures 
which covered all the range of products utilized in civil engineering 
works: unreinforced concrete; tubular scaffolding; important wood car- 
pentry; massive reinforced concrete; reinforced concrete in thin shells; 


prestressed concrete; metal forming; prestressing of steel; and reinforced 
aluminum bars. 


5. This construction constituted a great experience concerning the va- 
lidities of habitual methods of design, notably on the resistance and the 
deformation of beams of great length and height and the actions of plas- 
tic articulation based on the phenomenon of adaptation. 


6. For all works of an original character, the collaboration between 
the architect and the engineer is indispensable from the beginning of 
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the studies if one wishes a solution responding simultaneously to the 
conditions of strength, economy, and beauty. 
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Shear Strength of 
Restrained Concrete Beams 
Without Web Reinforcement 


By JOHN E. BOWER and IVAN M. VIEST 


Tests of two series of reinforced concrete beams without web reinforce- 
ment were made to investigate the behavior in shear of restrained beams. 
One series was designed as a study of the effects of variations in the ratio 
of maximum negative moment to the maximum positive moment (moment 
ratio). The other series was concerned with the effects of variations in the 
ratio of maximum moment to shear (moment-shear ratio — M/Vd). 

The tests have shown that the effect of shear on the behavior of restrained 
beams is essentially the same as that observed for simple beams: the shear 
affects the load-deformation characteristics and the strength of a beam 
through the formation of diagonal tension cracks. The first diagonal tension 
crack forms at a section subjected to both moment and shear and located 
between the point of contraflexure and the section of maximum moment. 
An analysis of the test data has shown that the initial diagonal tension 
cracking strength is a function of the moment-shear ratio rather than of 
the length of the shear span. 

Large variations were found in the strength beyond the initial diagonal 
tension cracking loads even for companion specimens. This finding supports 
earlier suggestions that the strength in excess of the diagonal tension 
cracking load is of little practical value. 

Equations are presented for the initial diagonal tension cracking strength 
and fer the shear-moment capacity. 


@ SEVERAL EXPERIMENTAL STUDIES of reinforced concrete beams failing 
in shear were carried out in recent years, each aimed at evaluation of 
the effects of a few variables. The study reported in this paper was 
designed to clarify the behavior in shear of restrained beams without 
web reinforcement. In particular, it was the objective of this study to 
determine the effects of the negative moment over the support and 
of the length of the shear span on the diagonal tension cracking load 
and on the ultimate load. 
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The investigation was carried out in two series of tests. An outline 
of specimens is shown in Table 1. Series I involved 20 beams in which 
the principal variable was the moment ratio, ie. the ratio of the 
maximum negative moment to the maximum positive moment. The 
moment ratio was varied from zero to infinity. The tests were made 
on simply supported beams having two overhangs. The beams were 
loaded symmetrically at the ends of the overhangs and at the third- 
points of the span as shown in Fig. *. The over-all length of the beams 
varied from 11.5 to 19 ft. 

Series II involved 14 beams in which the principal variable was the 
moment-shear ratio, i.e., the ratio of the maximum moment to the 
external shear divided by the effective depth. The moment-shear ratio 
was varied systematically from 1.5 to 7.5. The series consisted of simply 
supported beams with or without one overhang (Fig. 1). The beams 
with overhang were loaded with one load inside and one load outside 
the span; the beams without the overhang were subjected to two equal 
loads placed at the third-points of the span. The over-all length of 
beams varied from 7 to 19 ft. 

The variations in the moment ratio and in the moment-shear ratio 
were obtained through changes in the length of the shear span and 
in the relative magnitude of the loads placed on the overhangs and 
in the span. 


Definitions and Notations 


Moment ratio = ratio of the maxi- Critical section = vertical section 





mum negative to the maximum positive 
moment in a shear span (M-/M*) 


Moment-shear ratio = ratio of the 
maximum moment to the external shear 
in an effective shear span divided by 
the effective depth of the tension rein- 
forcement (M/Vd) 


through the edge of a load or support 
bearing block inside a shear span 


Diagonal tension crack = an inclined 
crack extending from the longitudinal 
tension reinforcement toward the criti- 
cal section and making an angle of 
approximately 45 deg with the longi- 
tudinal reinforcement 
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Shear-moment capacity = moment at (M/V). = ratio of moment to shear at 


shear-compression failure the section of diagonal tension 
a = length of the effective shear cracking 
span equal to the distance from M = bending moment 
the section of zero moment to M; = moment capacity of the beam 
the section of maximum mo- at flexural failure 


ment (Fig. 1); also equal to mM,., = 
the ratio of the maximum 
moment to the shear in the 


the numerically larger of the 
two moments at opposite ends 
of a shear span 


effective shear span Main = the numerically smaller of the 
a’ = length of the shear span (Fig. two moments at opposite ends 
1); for any particular load, the of a shear span 
external shear is constant M. = moment capacity of the beam 
throughout the length of the at shear-compression failure 
shear span P = total load 
a. <= distance from the section of PP: = individual concentrated loads 
zero moment to the intersec- Pe = total load at diagonal tension 
tion of a diagonal tension crack cracking 
with the longitudinal tension P, = total load at yielding of the 
reinforcement tension reinforcement 
b = width of the beam P. = ultimate load; maximum total 
load reached during a test 
d = effective depth of the tension p — ratio of tension reinforcement 
reinforcement Ve = V./bd; nominal shearing stress 
E, = modulus of elasticity of steel at diagonal tension cracking 
f-’ = compressive strength of 6 x V = shear force 
12-in. concrete cylinders V. = external shear at diagonal ten- 


sion cracking in the shear span 
in which the diagonal tension 
crack is located 


f. = stress in the tension reinforce- 
ment at failure 


k,ks = parameter defining the magni- VY, = external shear at ultimate load 
tude of the compressive force in the shear span in which 
resisted by concrete at the failure occurred 
critical section [Eq. (7)] x = distance along the beam from 
K = a measure of the concentrated the section of zero moment 
angle change [Eq. (8)] fy — ultimate strain in concrete 
l = span length [Eq. (8)] 


SPECIMENS AND TESTS 
Specimens 


An outline of the test beams is given in Table 1 and Fig. 1 shows the nominal 
beam dimensions. The actual dimensions and properties, different from the 
nominal values, are given in Tables 3 and 4. 

All beams had a rectangular cross section 6 in. wide and 14 in. deep. The 
nominal concrete strength was 3500 psi. The beams were reinforced in both 
tension and compression with two #7 deformed bars of intermediate grade 
steel extending the full length of the beam. The nominal percentage of tension 
reinforcement was 1.6 percent, and the nominal effective depth of both the 


top and bottom reinforcement was 12 in. The side cover of the longitudinal 
reinforcement was 1.5 in. 
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Fig. |—Details of beams 


Web reinforcement was provided where it was desired to prevent shear 
failure. The locations of the web reinforcement are shown in Fig. 1. Closed 
vertical stirrups of #3 deformed bars of intermediate grade were placed at 
4.5-in. spacing. Beams of Series IIB had no web reinforcement; sufficient length 
of beam was provided beyond the supports to prevent bond failures. 

The length of the shear span, a’, varied from specimen to specimen which 
resulted also in variations of the span length (Fig. 1). In Series I the length 
of the effective shear spans, a, containing the maximum moment was constant. 
For Series IA, a was equal to 30 in., while for Series IB it was equal to 24 in. 
In Series II the length of the effective shear span was variable; for Series IIA 
a = a’, and for Series IIB a = a’. The lengths of the shear span, a’, are given 
in Table 1. 


Materials 


All beams were cast from concrete made with Type I portland cement, 
Wabash River gravel, and Wabash River torpedo sand. The cement was pur- 
chased in two lots and the aggregates in five lots. The average gradations of 
the aggregates are given in Table 2. The maximum size of the gravel was 1 in. 
and the fineness modulus of the sand was 3.23. The absorption of both aggregates 
was approximately 1 percent by weight. 


The average proportions of cement to sand to gravel were 1:3.84:5.76 by 
weight and the cement-water ratio was 1.11. The average slump was 3 in. 
Mixing of the concrete was done in a nontilting, horizontal 6.5-cu ft drum 
mixer for approximately 5 min. The compressive strength, the modulus of 
rupture, and the initial modulus of elasticity of concrete are listed for each 
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TABLE | — OUTLINE OF BEAMS 





| Nominal 
Moment ratio moment-shear Shear span* r, 
Beams M-/M*+ ratio a’, in. 
, M/Vd P, 
Series I 
IA -la, bt 0 2.5 30 Z 
2a, b 0.333 2.5 40 1.80 
3a, b 0.667 2.5 50 0.90 
4a, b 1.000 2.5 60 0.60 
5a, b 1.500 2.5 50 0.60 
8a, b 2.250 2.5 43.3 0.60 
6a, b 3.000 2.5 40 0.60 
7a, b x 2.5 30 0.60 
IB -1 0.333 2.0 32 2.25 
2 0.667 2.0 40 1.13 
3 1.500 2.0 40 0.75 
4 3.000 2.0 32 0.75 
Series II 
IlIA-la, b 1.0 1.5 36 2.00 
2 1.0 2.0 48 1.75 
3 1.0 2.5 60 1.60 
4a, b 1.0 3.0 72 1.50 
8 1.0 3.5 84 1.43 
9 1.0 4.0 96 1.38 
5 1.0 45 108 1.33 
6 1.0 6.0 144 1.25 
7 1.0 75 180 1.20 
IIB 1 0 3.5 42 y 
2 0 4.0 48 
3 0 45 54 


*See Fig. 1 
tLetters a and b denote companion specimens. 


beam in Table 3. The compressive strength and the modulus of rupture are 
the averages for all control specimens made with the particular beam. The 
modulus of elasticity is the average for one control cylinder from each batch 
of concrete. 

The reinforcing bars were of intermediate grade steel having the following 
average properties: yield point of 46 ksi, ultimate strength of 81 ksi, 22 percent 
elongation over an 8-in. gage length, 


and modulus of elasticity of 29.5 « 10' TABLE 2— GRADING OF 
psi. The mechanical properties, other SAND AND GRAVEL 
than the modulus of elasticity, were de- 
termined from a standard tension test Sieve Percent retained 
of one sample from each reinforcing size Sand* Gravel* 
bar. The modulus of elasticity and the 1%-in 0 b. 
bar dimensions, listed in Table 4, were ‘mane : — - 
determined on samples from five bars io « 1.9 99.0 
of each size. The dimensions met the 8 18.1 99.5 
requirements of ASTM A 305-56T. The 16 41.0 99.5 
30 69.3 100.0 
average yield points of bars for individ- 50 93.8 100.0 
ual specimens are shown in Table 3; for 100 98.5 100.0 
most specimens, the difference between Fineness 


modulus 3.23 7.07 


the yield points of individual bars was 


less than 1 percent. * Average for five lots. 








78 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE July 1960 


Fabrication of specimens 


All beams were cast in steel forms. For beams with web reinforcement in 
the end spans, the reinforcement was tied into a cage. The bottom bars were 
supported from the base of the forms on steel chairs. The top bars were 
supported temporarily by wire hangers; the hangers were removed after the 
concrete had been placed. 

All beams required two or three batches of concrete placed in horizontal 
layers and vibrated with an internal rod vibrator. Spreading of the forms 
was prevented by external clamps. Lifting hooks were placed in the overhangs. 

Four 6 x 12-in. cylinders and one 6 x 6 x 20-in. control beam were made 
from each batch. A few hours after casting, the test beam and its control 
specimens were removed from the forms and covered with moist burlap for 
6 days. All specimens were then stored in the laboratory until the time of 
testing. The age at testing is shown for each beam in Table 3. 


Testing equipment and procedures 


The load was applied to the beams by a loading assembly connected to a 
specially built loading frame. The loading assembly consisted of a 50-ton 
hydraulic jack, a 125,000-lb elastic ring dynamometer, and of one or three 
load distributing beams (Fig. 2). The load was measured to the nearest 100 lb 
with a 0.0001-in. dial indicator. The strength of Specimen IC-4a exceeded the 


TABLE 3 — PROPERTIES OF BEAMS 


Concrete strength 





Yield point Effective depth of Cylinder Modulus Modulus 
Age at of rein- reinforcement, in strength of of elas- 
testing, forcement fe’, psi rupture ticity 
Beam days fy, ksi 30ttom Top fr’, psi Ec, 10° psi 
IA-la 29 47.0 12.06 12.00* 3300 406 3.32 
30 46.8 12.38 12.00* 4350 400 4.22 
2a 30 44.6 12.25 11.50 3590 580 3.47 
28 46.3 12.25 11.50 3540 400 3.38 
3a 30 47.3 12.25 11.50 4020 450 3.88 
b 28 46.9 12.00 12.00 3550 397 3.50 
4a 30 46.5 12.00 12.00 3300 478 3.52 
28 46.3 12.25 11.50 3170 394 3.04 
5a 30 45.9 12.12 11.80 3460 430 3.50 
b 30 46.8 12.12 11.88 3120 455 3.02 
8a 30 44.5 12.25 11.50 3500 503 3.23 
b 30 46.3 12.00 11.50 3120 489 3.27 
6a 25 44.6 12.00 12.00 3120 390 3.33 
b 30 46.8 12.00 11.75 3520 395 3.25 
Ja 27 47.4 12.00 12.00 3070 392 3.00 
b 30 45.9 12.00 12.00 3280 479 3.52 
IB.1 30 47.3 12.00 12.00 3220 454 3.06 
2 30 47.8 12.00 11.75 3080 338 2.98 
3 33 46.3 12.00 12.25 3310 475 3.20 
4 32 44.3 12.00 11.75 3490 538 3.35 
IIA-la 31 46.3 12.12 12.75 3300 562 2.89 
b 28 47.0 12.50 11.38 3700 429 3.89 
2 29 46.2 12.28 11.78 3130 2 3.22 
3 30 46.4 12.28 11.50 3150 491 3.28 
4a 30 46.2 12.50 12.00 2900 417 3.02 
b 25 46.9 12.15 11.50 3320 398 3.48 
8 30 44.5 12.00 11.50 2670 396 2.86 
9 30 47.6 12.28 11.50 3070 368 3.30 
5 30 46.9 12.25 11.50 3420 5 3.33 
6 30 47.0 12.00 11.50 3500 392 3.36 
7 30 46.4 12.00 11.75 3450 523 3.33 
IIB-1 28 46.8 12.50 12.00* 0 3.10 
2 28 46.4 12.25 12.00* 3030 408 3.22 
3 28 46.6 12.12 12.00* 372 2.86 


*Nominal value. 
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Fig. 2—Typical test setup, Series IIA 


capacity of the jack. This beam was retested in a 300,000-lb screw-driven 
mechanical testing machine. 

The beams were supported on concrete pedestals. At the support and load 
points, the load was transmitted to the beams through a roller of 2-in. diameter 
and through a bearing block 2 in. thick, 4 in. long, and 6 in. wide. The bearing 
blocks were bedded in plaster of Paris. 

The load was applied in increments of 2 to 10 kips. After each increment 
of load, deflection and strains were measured. In addition, the cracks were 
marked on the sides of the beam and photographed. No attempt was made 
to maintain the load at one level during measurements; before diagonal tension 
cracking the load decreased only slightly but after diagonal tension cracking 
the load decreased as much as 1000 lb. Loading was continued until a complete 
collapse of the beam was reached. 

Deflections were measured at the midlength of the beam with a 0.001-in. dial 
indicator mounted on a deflectometer bearing against the floor of the laboratory. 

Strains were measured with bonded-wire electric resistance strain gages. 
Gages % in. long were mounted on the tension steel at the critical sections 
and at the midlength of the beam; core holes were provided in the concrete 
during casting for this purpose. Gages 1 in. long were mounted on the com- 


TABLE 4— AVERAGE DIMENSIONS OF REINFORCING BARS” 


Bar Area, sq in. Gap width, in. Deformation 
size, No. Height, in. Spacing, in. 
-_ 3 0.107 0.068 0.025 0.20 


7 0.574 0.146 0.052 0.40 


— ~— ——$<— 





*All values are averages for five bars of the same size 
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pressive surface of the concrete adjoining the critical sections and one gage 
6 in. long was mounted at midspan on the top surface of the beams in Series I. 


TEST RESULTS 
Summary of test data 


The results of the tests are summarized in Table 5 which includes 
the diagonal tension cracking loads P,, the loads at which the rein- 
forcement yielded P,, the ultimate loads P,, the modes of failure, and 
the strains and deflections at ultimate load. 

The diagonal tension cracking loads given in Table 5 were determined 
visually; they are the loads at which diagonal tension cracks were first 
observed in the given effective shear span. As shown in Fig. 1, Spans 1 
and 4 corresponded to the regions of negative moments and Spans 2 
and 3 corresponded to the regions of positive moments. In shorter 
beams the diagonal tension crack usually formed progressively with 
load, while in longer beams the formation of the crack was sudden. 
Consequently, the cracking loads could be determined more accurately 
for long beams. 

The load at which the tension reinforcement yielded was determined 
from the load-strain curves for the reinforcement. The curves showed 
a definite change of slope at the outset of yielding. The corresponding 
strain compared well with the yield strain determined from tension 
tests of coupons. 

The ultimate load is the maximum load reached during a test. For 
most beams it was the collapse load. In some beams, however, the 
load dropped after reaching a maximum and the beam collapsed as 
the load was dropping. In still other cases, the load dropped off and 
then stabilized but subsequent increases in load caused a collapse before 
the first maximum was reached. 


The modes of failure are designated as D for diagonal tension failure, 
S for shear-compression failure, and F for flexural failure. The letter Y 
is used to indicate yielding of the reinforcement prior to failure. 

For diagonal tension failures, the ultimate load was equal to the 
highest diagonal tension cracking load (Table 5). In ten beams, failure 
occurred simultaneously with formation of the first diagonal tension 
crack. In five beams (IA-3a, 4a, 4b, 5a, and IIB-1), failure occurred 
with the formation of a diagonal tension crack at a load higher than 
the initial diagonal tension cracking load. With the exception of Beam 
IA-3a, the crack causing failure formed in another effective shear span; 
in Beam IA-3a the crack causing failure formed in the effective shear 
span which already contained a diagonal tension crack. In one beam 
(IIA-6) yielding of the reinforcement occurred before the formation 
of the diagonal tension crack but the failure resembled a diagonal 
tension failure; this failure is designated as Y-D. 
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For shear-compression failures, the ultimate load was greater than 
the diagonal tension cracking loads. In two beams (IA-7a and IB-4) the 
steel yielded after the formation of the diagonal tension crack, but the 
failures resembled shear-compression failures and are designated as Y-S. 

The fourth beam in which yielding occurred (IIA-7) failed in flexure. 

The steel and concrete strains given in Table 5 were obtained from 
measurements at the section of failure. It was seldom possible to 


measure the strains at the maximum load; therefore extrapolated values 
are listed for most beams. 


The deflections were measured at the midlength of beams. For 
Series I, the midlength coincided with midspan; for Series II, the 
midlength coincided with the section of zero moment. In most tests, 
the deflection was observed at the maximum load; otherwise the value 
given in Table 5 was obtained by extrapolating the load-deflection curve. 


Response of beams to loading 


During several initial increments of load, the behavior of all beams 
was characteristic of reinforced concrete flexural members. Flexural 
tension cracking occurred first in the regions of maximum moment; 
it was accompanied by a change in the slope of the load-deformation 
curves (Fig. 3). With increasing loading the tension cracking spread 
into the effective shear spans and some cracks bent in the direction 
of increasing moment. This change in the direction of tension cracks 
was believed to be the result of the presence of shear; nevertheless, 
shear appeared to have no practically significant effect on the over-all 
beam behavior during the initial phase of loading. 

The flexural phase of behavior ended with the formation of the 
initial diagonal tension crack (load P, in Fig. 3). Without exception, 
this first diagonal tension crack formed in an effective shear span 
containing the maximum moment (Table 5). In beams with the 
moment ratio equal to one, it formed always in the effective shear 
span with the smaller effective depth of the tension reinforcement. 
In six beams (IA-4a, 4b, 6a, 7b, IIA-2, 3) the initial diagonal tension 
cracks formed simultaneously in two effective shear spans subjected 
to moments and shears of equal magnitude. 


Each initial diagonal tension crack was located in one effective 
shear span some distance away from the point of contraflexure.* This 
is illustrated in Fig. 4 in which the distance a, between the point of 
contraflexure and the point of intersection of the initial diagonal tension 
crack with the tension reinforcement is plotted as a function of the 


*In Beam IIA-la the diagonal tension crack intersected the tension reinforcement at 
the point of contraflexure. The crack passed through a core hole formed in the side of the 
beam at the point of contraflexure for the attachment of a strain gage to the tension rein- 
forcement. Since the effective shear span was short, it was sus ted that the presence 
of this core hole may have precipitated the formation of the crack. The companion specimen, 
IIA-1b, was cast without a core hole at the point of contraflexure; in this beam the diagonal 
tension crack did not pass through the point of contraflexure. 
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Fig. 4—Location of initial diagonal tension cracks 


length of the effective shear span. The crack extended from the point 
of intersection with the tension reinforcement toward the section of 


maximum moment in the same effective shear span as can be seen 
in Fig. 5a and 5b. 





Fig. 5a—Typical crack patterns: diag- 

onal tension failure, Beam IA-5a. Top: 

P = 45 kips. Bottom: After failure 
(P,, = 49.6 kips) 


The exact locations of the sec- 
tions at which the initial diagonal 
tension cracks began to form are 
not known. It was observed, how- 
ever, that the cracks often coincid- 
ed with the bent portion of one of 
the tension cracks formed prior to 
diagonal tension cracking and lo- 
cated between the section of maxi- 
mum moment and the section at 
which the diagonal tension crack 
intersected the tension reinforce- 
ment. 

In ten beams the formation of the 
initial diagonal tension crack was 
accompanied by a complete col- 
lapse. The diagonal tension crack 
extended to the compression sur- 
face at one end and split the beam 
along the tension reinforcement at 
the other end. The failures oc- 
curred suddenly without warning 
at relatively low maximum strains 
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Fig. 5b—Typical crack patterns: shear- Fig. 5c—Typical crack seg. Beam 


compression failure, Beam IA-8b. Top: IIlA-7a after flexural failure. Top: Posi- 
P — 55.3 kips. Middle: P — 60.2 kips. tive moment region. Middle: Negative 
Bottom: After failure (P,, — 68.5 kips) moment region. Bottom: Over-all view 


in both concrete and steel (Fig. 3 and Table 5). They are designated as 
diagonal tension failures. 

In 23 beams the initial diagonal tension crack terminated some 
distance short of the compression surface and further increases in load 
were needed to reach failure. The initial diagonal tension cracking 
resulted in a decrease of stiffness manifested by the increased zate 
of deflection and concrete strain (Fig. 3). In five beams (IA-3a, 4a, 4b, 
da, and IIB-1) one or more diagonal tension cracks formed at higher 
loads and failure occurred simultaneously with the formation of one 
of these new cracks (Fig. 5a). The failure was again sudden although 
the formation of the preceding diagonal tension cracks indicated dis- 
tress prior to the actual collapse. Failures of these beams are also 
designated as diagonal tension failures. 
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The remaining 18 beams with diagonal tension cracks failed by 
destruction of the compression zone of concrete at the critical section 
at the compression end of one of the existing diagonal tension cracks. 
These failures are designated as shear-compression failures (Fig. 5b). 
It may be noted in Table 5 that only four beams (IA-3b, IIA-1b, 2, 
and 3) had two diagonal tension cracks in the shear span in which 
failure occurred. However, even in these four beams no signs of bond 
failure were noted along the compression reinforcement.* 

Shear-compression failures were sudden, although less abrupt than 
the diagonal tension failures. They were accompanied by high maximum 
compressive strains in concrete (an average of 0.00308) but by rela- 
tively low steel strains; with two exceptions (IA-7a, IB-4), the steel 
strain was always below the yield point value. 

Beam IIA-7 failed in flexure by extensive yielding of the tensile 
reinforcement. The yielding was followed by crushing of concrete at 
both critical sections and by splitting along the bottom reinforcement 
the full length between the critical sections (Fig. 5c). The deflections, 
concrete strains, and steel strains, shown in Fig. 3, illustrate the ductile 
behavior of this beam. It may be noted that no diagonal tension cracks 


formed in this beam and that the maximum steel strain entered the 
strain hardening region. 





*In an earlier study of restrained beams’ bond failures along the compression reinforcement 
were common; most of the specimens had very short shear spans. 
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Findings of Series | 


The principal variable of Series I was the moment ratio. In addition, 
minor variations were encountered in the strength of concrete and in 
the effective depth of reinforcement. 

The effects of the moment ratio on the magnitude of shear at initial 
diagonal tension cracking are illustrated in the lower portion of Fig. 6.* 
The dots connected by the full line represent averages for two com- 
panion specimens of Series IA. The crosses connected by the dashed 
line represent individual specimens of Series IE. The data for both 
series indicate that the moment ratio has no effect on the magnitude 
of shear at initial diagonal tension cracking. 


The variations in the moment ratio were achieved by varying the 
length of the shear span and the load ratio P2/P, (Table 1). The 
variations in the load ratio have been accounted for in Fig. 6 through 
consideration of the shear rather than the load. Accordingly, the 
variations in the moment ratio may be considered the result of the 
variations in the length of the shear span. Apparently, if all other 
properties are kept constant, the length of the shear span, a’, has no 
effect on the magnitude of shear at initial diagonal tension cracking. 
This point is further illustrated in Fig. 7. It should be noted, however, 
that while the length of the shear span was variable, the moment- 
shear ratio was constant both in Series IA and in Series IB. 

The effect of the moment ratio on the magnitude of shear at the 
maximum load may be examined in the upper portion of Fig. 6. The 
dots represent average data for companion specimens that failed by 
the same mode, but individual data wherever the companion specimens 
failed by different modes (two dots for the same moment ratio). It will 


*To compensate for minor variations in d and fo’ in Fig. 6, 7, and 9, the shear forces were 
divided by the quantity bdv f.’. 
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be noted that in only three out of eight sets of companion specimens 
the failure occurred in the same mode. Furthermore, the differences 
in the failure loads of the companion specimens were substantial, the 
maximum being + 29.1 percent from the average (Table 5). Finally, 
Beams lIa-7b and IB-4 failed in shear compression after yielding of 
the tension reinforcement at loads very much in excess of those that 
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caused failure of other specimens. No conclusive explanation was found 
for these differences but it is believed that they were caused by random 
differences in the paths of the diagonal tension cracks. An analogous 
finding was reported by Hanson? for simply supported beams. Thus, 
it appears that for beams of the type studied in Series I the excess 
strength beyond diagonal tension cracking is unreliable. The data are 
inconclusive concerning the effect of the moment ratio on the shear 
strength. 

The effect of the moment ratio on the shear-moment capacity is 
illustrated in the upper portion of Fig. 8.* No definite trends with 
the moment ratio can be noted particularly because of the differences 
between the results of Series IA and IB. However, the relatively low 
strength of Beams IA-4a and 4b (circled cross in Fig. 8), both of which 
failed in diagonal tension, suggests a possible decrease of the shear- 
moment capacity as the ratio Myin/M»n , approaches unity.t In view 
of the apparent lack of bond failures along the compression reinforce- 
ment, this indicates that the shear-moment capacity may be a function 
of the length of the shear span. A similar finding was reported earlier 
for simple beams and knee frames.*® 


Findings of Series Il 


The principal variable of Series II was the moment-shear ratio. The 
effects of the moment-shear ratio on the magnitude of shear at initial 
diagonal tension cracking and at failure are illustrated in Fig. 9. The 
figure illustrates also the effect of M/Vd on the mode of failure. 


The shear, divided by bd\/f,’, is plotted as a function of the moment- 
shear ratio, M/Vd, for each beam of Series IIA and IIB. The heavy 
line represents failures; the light line represents diagonal tension 
cracking without failure. It will be noted that beams with M/Vd less 
that 3.2 failed in shear compression; beams with M/Vd larger than 3.2 
but smaller than 6.3 failed in diagonal tension, and the one beam with 
M/Vd in excess of 6.3 failed in flexure.* Analogous findings were 
reported earlier for simply supported stub beams and knee frames* 
and for simply supported prismatic beams.® 

The variations in the M/Vd were obtained by varying the load ratio 
and the length of the shear span. For Series IIA, the effective shear 
span, a, was equal to one half of the length of the shear span, a’, while 


*To compensate for minor variations in d and f-’, the shear moments M:; were divided 
by the quantitv bd?f-’. 

+Fig. 8 does not include data for Specimens IA-7a and IB-4 which failed in shear-com- 
pression after yielding of the longitudinal reinforcement. Inclusion of the data for these 
two beams also suggests a decreasing trend with Mmin/Mmaz. 

tThe only exceptions to this pattern of behavior were two beams which failed in diagonal 
tension but had M/Vd smaller than 3.2. One of these, Beam IIA-4a (M/Vd=3.0) suggests 
that the erratic behavior in Series IA could be characteristic of beams with relatively small 
margin of load capacity beyond the initial diagonal tension cracking load. The second beam, 
IIA-la, exhibited an erratic behavior not only as to the mode of failure but also as to the 
location of the diagonal tension crack (see the discussion of the response of beams to loading.) 
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Fig. 10—Location of a diagonal tension crack 
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for Series IIB the two quantities were equal. Thus, if a’/d were 
substituted for M/Vd in Fig. 9, the position of the points representing 
beams of Series IIB would remain unchanged while the horizontal 
ordinates of all points representing beams of Series IIA would be 
doubled. Obviously, the crosses would fall considerably below the 
line representing diagonal tension cracking in Series IIA and consid- 
erably to the left of the limit between the shear-compression and 
diagonal tension failures in Series IIA. This lack of correlation between 
the two series on the basis of the length of the shear span corroborates 
the finding of Series I that, by itself, the length of the shear span has 
no significant effect on the diagonal tension cracking loads. 

The effect of M/Vd on the shear-moment capacity of beams of Series 
IIA is illustrated in the lower portion of Fig. 8. Averages for Series IA 
and IB are included for comparison. Within the range of the data 
of this investigation, the shear-moment capacity appears to be inde- 


pendent of M/Vd, that is, independent of the length of the effective 
shear span. 


ANALYTICAL STUDIES 


Location of a diagonal tension crack 


It has been shown in Fig. 4 that the distance a, between the inter- 
section of the initial diagonal tension crack with the tension reinforce- 
ment and the section of zero moment increased with increasing length 
of the effective shear span. Similar findings were reported earlier for 
simply supported prismatic beams** and for stub beams and knee 
frames.* The data from all three investigations are plotted in Fig. 10. 

Fig. 10 includes only averages for specimens of the same investigation 
having the same a/d. Each solid symbo! represents five or more speci- 
mens; each open symbol represents less than five specimens. 

The line fitting best the trend indicated by the solid symbols* gives 
the following relationship between a,/d and u/d: 


@e _924140.117 37 0.0756( 4 )? 1 


An examination of Fig. 4 reveals the magnitude of deviation which 
may be expected for individual specimens from this average line. 


Initial diagonal tension cracking 

Earlier studies***®* have shown that the magnitude of shear at 
initial diagonal tension cracking is a function of the strength of 
concrete, percentage of tension reinforcement, and beam dimensions, 
in addition to the ratio of moment to shear. It has been suggested 


*The line was fitted by the method of least squares 
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Fig. 11—Section of critical diagonal tension 


that the external shear may be correlated with the section properties 
on the basis of the following expression: °* 


V. aa ( V ) pd (2) 
— — “a 
bdv/f.’ M/c \/f.’ 
where A and B = empirical constants 
(V/M).=ratio of shear to moment at the section at which the diagonal 


tension crack begins to form 


Before a correlation on the basis of Eq. (2) can be made it is 
necessary to assume the location of the section at which the initial 
diagonal tension crack begins to form. Although no direct data are 
available on the location of this section, it is obvious that it must be 
somewhere between the section of maximum moment and the section 
at which the crack intersects the tension reinforcement. The locations 
of the latter two sections are shown in Fig. 11 as lines x =a and x = a,. 


For simplicity, it was assumed that the section of initial diagonal 
tension cracking in a shear span is located at the distance d from the 
section of maximum moment, but no closer than half-way to the other 


*From consideration of the principal stress at a point, Morrow” suggested the grouping 
of the external shear and of the section properties into two dimensionless parameters: 
Vo/bdfe’ and (V/M) enpd 
The parameters used in Eq. (2) were obtained from Morrow’s parameters by expressing 


the resistance of concrete, f+’, to the principal tensile stress as a direct function of Vf.’ and 
the modular ratio, n, as a direct function of 1 V fe’ 
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end of the shear span. For such location, indicated in Fig. 11 by the 
heavy lines, the ratio of moment to shear may be expressed as 


( + ). a—d>a— 0.5a’ (3) 


The two parameters in Eq. (2) were evaluated for every specimen 
on the basis of the lowest diagonal tension cracking loads (Table 5) 
and plotted in Fig. 12. A regression analysis, utilizing the method of 
least squares, gave the following equation for the shear at initial 
diagonal tension cracking: 


LL 1.917 + 2725 ( ~~) = (4) 
bdVf’ — * ~  AMTe Vf/ 
where V. external shear at diagonal tension. cracking, lb 
b,d dimensions of the cross section, in. 
p = ratio of tension reinforcement 
(M/V). ratio of moment to shear given by Eq. (3), in. 
f.’ compressive cylinder strength of concrete, psi 


It may be noted that, as the horizontal ordinate in Fig. 12 approaches 
zero, the line represented by Eq. (4) approaches infinity; obviously, 
an upper limit would be needed for general applicability of Eq. (4). 
However, no such limit is necessary within the range of this investi- 
gation. 
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TABLE 6— NOMINAL SHEARING STRESS AT DIAGONAL TENSION 





CRACKING 
vetest,* vecale, vetest vetest,* vecale, vetest* 
Beam psi psi vecale Beam psi psi ve-cale 
IA-la 151 139 1.08 IIA-la 191 199 0.96 
b 148 156 0.95 b 210 195 1.08 
2a 146 144 1.01 2 156 150 1.04 
b 122 143 0.85 3 149 136 1.09 
3a 139 151 0.92 4a 117 125 0.94 
b 168 143 1.18 b 137 132 1.04 
4a 149 139 1.07 8 116 116 1.00 
b 134 136 0.98 9 138 121 1.15 
5a 104 141 0.73 5 133 124 1.07 
b 123 136 0.90 6 126 122 1.03 
8a 150 142 1.06 
b 156 135 1.15 IIB-1 113 132 0.86 
6a 131 136 0.96 2 124 120 1.04 
b 131 142 0.92 3 114 115 0.99 
Ja 123 135 0.91 Average 1.022 
b 144 139 1.04 
IB-1 155 152 1.02 
2 151 150 1.01 Average Series I and II 1.000 
3 150 155 0.97 
4 156 156 1.00 
Average 0.986 Standard deviation 0.091 


*Based on initial diagonal tension cracking loads. 


The nominal shearing stress at initial diagonal tension cracking, 
v, = V./bd, computed from Eq. (2), is compared with the correspond- 
ing test values in Table 6. It will be noted that the average ratio of 
v.test/v.cale for all specimens is equal to 1.000 and the standard 
deviation for this ratio is 0.091. 

Data for all specimens of Series IA, shown in Fig. 12 as dots, fall 
within a narrow range of the horizontal ordinate. Thus, they permit 
an estimate of the natural scatter associated with diagonal tension 
cracking. For the 16 specimens of Series IA, the standard deviation 
for the parameter V,/bd\/f,’ was equal to 0.269. The standard error 
of estimate by Eq. (2) was 0.272. 


Shear-compression failures 

In view of the apparent lack of bond failures along the compression 
reinforcement, the effect of the compression reinforcement may be 
neglected* and the moment equilibrium at the critical section of failure 
may be written as for simple beams: ® 


M, pf. ( pf. ) 
: . = ‘ = (5) 
bd*f.’ t. 1 0.44 ey 
where M, = moment at shear-compression failure 


f. = steel stress at shear-compression failure 
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Assuming that the strain distribution at critical section includes a 
concentrated angle change at the neutral axis, the steel stress at failure 
may be related to the ultimate strain in concrete, ¢,, and the section 
properties as follows:* 


ei - \ Skikef. 

f. = % E.Ke. ( 1+ 4/14 oR Ke ) (6) 
where E, is the modulus of elasticity of tension reinforcement, parame- 
ters k,k; define the magnitude of the compressive force resisted by 
concrete at the critical section, and parameter K is a measure of the 
magnitude of the concentrated angle change. 


Earlier studies’ suggested that k,k, is a function of the strength 
of concrete: 


_800 + fe’ 
kiks — 70 + f.’ (7) 
where the strength of concrete, f,’, is expressed in psi. As this investi- 
gation included only minor variations in concrete strength, Eq. (7) 
was adopted for this study. 


Assuming that the concentrated angle change is caused by opening 
of the diagonal tension crack, it can be shown that parameter K is a 
function of the ratio of the length of the diagonal tension crack to 
the depth of the beam Delow the neutral axis, the inclination of the 
diagonal tension crack, the bond characteristics of the tension rein- 
forcement, and the distribution of 
the compressive stresses in con- Lat eee 
crete along the length of the beam. a 


; ; | Ma test,* __ M,calc,t | M.test 
Assuming further that the first two Beam rege nage Msc 
items are functions of the ratio of jaja, 372 368 101 
the length of the shear span, a’, to 4 = = — 
the beam depth, d, and that the last _ 381 364 1.05 
two items were essentially constant 5b 311 335 0.93 
P . ‘ 8a 311 340 091 
for this series of tests, the quantity 8b 360 322 1.12 
Ke, was evaluated from the mo- — po a are 
ment at shear failure with the aid 1B1 280 359 0.78 
2 323 345 0.94 
of Eq. (5), (6), and (7). The fol- 3 208 30 081 
lowing expression was then obtain- MA-1b 337 348 OST 
ed by the method of least squares: - ro roe y 
4b 325 322 1.01 

d ‘ = 
‘ = 8) Average 1.004 
10°Ke. = 0.953 + 0.62 a’ Standard deviation 0.128 
IA-7 578 5763 0.99 
The accuracy of Eq. (5) through jp ny 571 


542+ 1.05 





(8) may be judged from the values *At the critical section of failure. 


j ; j +Calculated from Eq. (5), (6), (7), and (8) 
of moment at shear failure given in “exce t for Bea g TAT and 1-24 a 
i tCalculated from Eq. w +» equal to the 

Table 7. It will be noted that the yield pelut etvens. 
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TABLE 8— MOMENT AT FLEXURAL FAILURE 


Stage of Concrete M,; test, M, calc, M, test, 
Beam behavior strain in.-kips in.-kips M; cale, 
II-7a First crushing 0.00575 595 587 1.01 


Final failure 0.01193 634 627 1.01 


average ratio M,test/M,calc is 1.004 and the corresponding standard 
deviation is 0.128. In view of the differences in the capacities and modes 
of failures of the companion specimens, this relatively large standard 
deviation does not appear excessive. 

Table 7 includes also Specimens IA-7a and IB-4 which failed in 
shear-compression after yielding of the tension reinforcement. Their 
shear-moment capacities computed from Eq. (5) on the basis of the 
yield point stress are in good agreement with the test data. However, 
computations based on Eq. (6) through (8), rather than on the yield 
point stress, suggest that the beams should have failed in shear-com- 
pression at a lower load. 


Flexural failure 


Beam IIA-7 failed in flexure without formation of a diagonal tension 
crack. Before the failure load was reached, concrete began to crush 
and the stresses in the tension steel entered the strain hardening range. 
However, it can be seen in Fig. 3b that the extent of strain hardening 
was small. 

The flexural moment capacity of Beam IIA-7 was computed for 
two stages of loading, at first crushing of concrete and at failure, from 
equations given in Reference 11. The calculations for first crushing 
were based on the yield point stress of the steel; an estimated maximum 
stress, including the effect of strain hardening, was used in computing 
the moment at failure. 

The test data and the computed moment capacities are given in 
Table 8. It can be seen that the agreement between the corresponding 
test data and calculated values is excellent. 


SUMMARY 


The objectives of this investigation were to determine the effects 
of a varying moment ratio and a varying moment-shear ratio on the 
shear strength of restrained reinforced concrete beams. A total of 34 
rectangular beams were tested with concentrated loads in two series. 
Series I had the moment ratio and Series II had the moment-shear 
ratio as the major variable. The nominal concrete strength, steel per- 
centage, and beam cross section were held constant throughout both 
series. The longitudinal reinforcement extended the full length of the 
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beams at both the top and the bottom; there was no web reinforcement 
in the portions of the beams in which failure occurred. 

Fifteen beams failed upon formation of a diagonal tension crack, 
while 18 beams sustained additional load after formation of the diag- 
onal tension cracks and eventually failed in shear-compression. One 
beam failed in flexure without formation of any diagonal tension cracks. 

Analyses of the diagonal tension cracking loads have shown that 
the length of the shear span and the moment ratio have no direct 
effect on the diagonal tension cracking load. On the other hand, an 
increasing moment-shear ratio has the effect of decreasing the load 
at which the diagonal tension crack forms. The load causing diagonal 
tension cracking may be computed on the basis of a limiting nominal 
shearing stress. An equation, based on the results of these tests, is 
presented. The equation is applicable to both simple and restrained 
beams. 

There is evidence from Series IA that the path followed by the 
diagonal tension crack may influence the mode of failure. In four 
pairs of companion beams, one beam failed by shear-compression while 
the other beam failed by diagonal tension. It seems probable that for 
beams without web reinforcement, the strength Leyond the diagonal 
tension cracking load depends on the chance location of the diagonal 
tension crack. Therefore, the diagonal tension cracking load should 
be considered the ultimate design load for beams without web rein- 
forcement. 

The tests have shown that the shear-moment capacity of reinforced 
concrete beams without web reinforcement is unreliable and, therefore, 
of academic interest only. Although the experimental evidence pre- 
sented is inconclusive, it suggests that the shear-moment capacity of 
beams without web reinforcement is independent of the moment-shear 
ratio but may decrease slightly with increasing length of the shear 
span. A set of equations, based on equilibrium and compatibility con- 
ditions, is presented for the shear-moment capacity of both restrained 
and simple beams without web reinforcement. 

The observed moments at first crushing of concrete and at failure 
of the beam failing in flexure were in excellent agreement with the 
equations of an earlier investigation." 
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Title No. 57-5 


Reinforced Concrete Slab Bridges for 
the Via Monumental, Havana, Cuba 


By LUIS P. SAENZ and IGNACIO MARTIN 


Design and construction features are described for a series of 
reinforced concrete slab highway bridges with inclined columns and 59, 
62, and 79 ft maximum spans. The economies and the advantages of 
slab deck bridges for overhead crossings and underpasses are discussed. 


@ THE DEVELOPMENT OF A NEW City, Habana del Este, on the east side 
of Havana Bay has resulted in the erection of many modern facilities. 
Construction of a four-lane vehicular tunnel under the entrance channel 
of Havana Bay was begun in 1956. A related major project for the new 
city was the Via Monumental (Monumental Highway), a wide avenue 
providing rapid access from the City of Havana and which continues on 
to join the road which completes the tourist route leading to Varadero 
Beach. 

Via Monumental is an avenue consisting of two independent highways 
having three rapid transit lanes each, with a width of 36 ft, separated 
by a 26-ft mall. Both overhead crossings and underpasses were used in 
the various grade separations. One clover-leaf intersection, utilizing 
two overpasses, gives access to five urban developments. 

The promoters who planned Habana del Este wanted all the bridges 
of the overhead and undergrade crossings on Via Monumental to symbol- 
ize the modern construction which is expected to develop in the vicinity 
of the highway. With the sea as a background, the reinforced concrete 
bridges were designed with thin slabs and inclined columns to give the 
shape and lightness required to resemble the flight of sea gulls, which 
form part of the scenery observed from Via Monumental. 
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PLAN VIEW 
Fig. |—Skew underpass 


Five cases of grade separation were considered: two underpasses and 
three overhead crossings, two of which were identical and were used in 
the clover-leaf intersection. 


UNDERGRADE CROSSINGS 


The underpasses consist of two independent bridges with three lanes, 
each with a width of 12 ft and two shoulders 5 and 10 ft wide. Reinforced 
concrete railings are provided. In one of the undergrade crossings the 
roads meet with a skew of 73 deg, and this was solved by displacing the 
bridges longitudinally 21 ft (Fig. 1). 

Each of these undergrade crossings has two 59-ft spans. The central 
support is formed by columns inclined transversely to the bridge, but 
vertical in the longitudinal direction of the bridge (Fig. 2), since a wide 





Fig. 2—Standard underpass 
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central strip was not available in the streets of the urban developments. 
The transverse inclination was given to maintain unity in the design of 
the bridges and obtain effective transverse bracing. 


OVERHEAD CROSSINGS 


One of the overhead crossings (Fig. 3) consists of a single four-lane 
bridge, with lanes 12 ft wide and two 4%-ft sidewalks, due to the fact 
that this bridge forms part of one of the streets of an urban development 
adjoining Via Monumental. This overhead crussing has a skew of 65 deg 
to solve the 77 deg angle of crossing of the two roads. 

This overhead crossing has two 79-ft spans, but the central support 
(Fig. 4) is formed by two groups of four columns, inclined longitudinally 
as well as transversely to the axis of the bridge. These columns meet at a 
point on the pedestal of the foundation common to the four columns. 
With this type of support the clear span is reduced to 72.5 ft, creating a 
central span of 13 ft between the columns, which is a favorable solution 
in spite of the fact that the inclined columns produce tension in the 
central span. In addition the foundation was simplified, natural bracing 
was obtained in two perpendicular directions, visual obstruction was 
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Fig. 3—Overhead crossing 
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Fig. 4—Central support of 
overhead crossing 








reduced for the drivers of vehicles, and a certain degree of beauty was 
achieved. 

The bridges of the overhead crossings in the clover-leaf are curved. 
Each one has four lanes, each 10 ft wide, and two 5-ft sidewalks. 

Both bridges of the clover-leaf intersection (Fig. 5) have four spans: 
two 39-ft end spans and two 62-ft central spans. The columns are inclined 
in the direction of the bridge axis as well as transversely to it, and the 
axes of the columns coincide in a point of the pedestal on the common 
foundation. This type of support, having the same advantages as the 
support of the overhead crossing described above, produces a continuous 
slab with seven symmetrical spans. 
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Fig. 5—Overhead crossing in clover-leaf intersection 














SLAB BRIDGES _ 103 
DESIGN FEATURES 


The intrados of the slab for all the bridges was designed flat and 
horizontal to maintain a uniform vertical clearance of 14 ft 9 in. through- 
out the structure. However, the depth of the slab was increased over the 
central supports, which increased the strength of the slab in the region 
of maximum negative moments, providing at the same time a 1 percent 
grade toward the bridge abutments and reducing the height of the 
approach fills. 

The bridges were designed for AASHO H-20 loading, as well as a 
sidewalk load of 60 psf. The ultimate strength method was used in the 
design, employing a factor of safety of 1.33 for the dead load and 2.00 
for the live load. 

The slab was designed as a continuous beam over the columns. The 
final moments in the slab at the interior columns as compared with the 
moments at the center of a simply supported slab with the same span 
were reduced about 15 percent. 

The inclined columns induced an axial tension in the interior slabs 
and reinforcing bars were added to resist that tension. Bending moments 
in the inclined columns were relatively small. 

Special care was taken to give the bridge sufficient camber to provide 
for the elastic and the plastic deformations of the reinforced concrete. 
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Fig. 6—Slab reinforcement 
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Fig. 7—Slab section, posi- 
tive reinforcement 
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Abutments 


The concealed abutments consist of column bents with maximum 
rigidity in the direction of the bridge axis, having taken into account 
the possibility of longitudinal thrust by displacement of the rock fill 
approach. 


Materials 


All the concrete for the bridge slabs was required to be 4000 psi at 28 
days. Although a lower value would have been adequate for bond, 
flexure, and shear stresses, this quality of concrete was used to furnish 
adequate protection for the steel reinforcement due to the proximity of 
the sea and to diminish the deflection of the bridges. 

The main reinforcement of these bridges consists of deformed bars 1 
and 1% in. in diameter; temperature reinforcement is deformed bars 
%4 in. in diameter. The positive reinforcement is a network independent 
of the negative reinforcement (Fig. 6 and 7), obviating the necessity of 
bent bars, to facilitate placement of steel, accelerate construction, and 
reduce the labor cost. 

Hollow cardboard tubes were placed in the slab to reduce its weight, 
without appreciably diminishing the rigidity of the structure. An 18 
percent reduction of the dead load was attained at the center of each span, 


CONSTRUCTION 


A major feature in the design of the bridges was to keep the structures 
as simple as possible to facilitate their construction. The cost of form- 
work was reduced because it was flat, without recesses for beams. 
Placement of reinforcement was simplified since no bars were bent. 

The concrete was cast in place and the forms supported on a wood 
falsework. The cardboard tubes were placed between the positive and 
the negative reinforcement, and there were no problems with flotation 
during the concreting. 


Cost 


The average cost of the superstructure for these bridges, including 
the railings and the columns, was $7.82 per sq ft, of which $7.03 per sq ft 
corresponds solely to the slab. 
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CONCLUSIONS 


The use of a reinforced concrete slab for the bridges of Via Monumental 
was the most convenient for the following reasons: 

1. Reducing the total height of the bridges also reduced the 
height of the approach fills, which made more area available for 
urban development in the vicinity of the crossings. 

2. The vertical curve of the grades in the bridges allowed the 
length of the approaches to be decreased. 

3. The thin slabs provided the smallest possible obstruction to 
vision for the drivers of vehicles. 

4. The inclined columns favored the behavior of the structure and 
also introduced a different type of aesthetic characteristic in the 
bridges, which was one of the effects sought by the investors. 

5. The bridges were extremely economical, especially if the re- 
ductions in the cost of the approach fills is taken into consideration. 


PROJECT CREDITS 


The bridges were designed by Saenz-Cancio-Martin-Gutiérrez, Inge- 
nieros-Arquitectos, Havana, for Compania de Fomento del Tunel de la 
Habana and Financiera Nacional de Cuba. The supervision of construc- 
tion was handled by Armando Pérez Cobo and Manuel Vilaret, civil 
engineers, and Ignacio Ortega was the resident engineer. The bridges 
were built by Asociacion de Contratistas ludependientes, S.A. 


Discussion of this paper should reach ACI headquarters in tripli- 
cate by Oct. 1, 1960, for publication in March 1961 JOURNAL. 
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Bridges 


Montrose Avenue. Bridge 


M. Scuupack, Journal, 
Institute, V. 5, No. 1, 


Prestressed Concrete 
Mar. 1960, pp. 52-58 
Describes design and construction of 
a three span cast-in-place prestressed 
concrete bridge with 154-ft spans. 


New materials used in slab bridge 
(in Dutch) 
A. H. Van Rigs and A. Leen, Cement (Amster- 


dam), V. 11, No. 4, Aug. 1959, pp. 369-375 
Reviewed by Joun W. T. VAN Erp 


This prestressed, skew, hollow slab 
bridge had three continuous spans. 
New materials used in its reconstruc- 
tion were: (1) large diameter (16 in.) 
cardboard tubes to form hollow slab; 
they were extensively tested for shape 
retention, waterproofness, and 
tance to damage from a heavily vi- 
brated low slump concrete; (2) 100- 
ton Freyssinet cables with special shal- 
low cast steel anchor sleeves; (3) rub- 
ber-steel bearing plates consisting of 
three steel plates with rubber layers 
in between, the entire unit encased in 
rubber for corrosion protection 


resis 


Setting a span record: Prestressed 
bridge has suspended girders 


News-Record, V. 164, No. 13, 
1960, pp. 30-34 


Engineering 
Mar. 31, 

Record-setting prestressed girders 
are only one interesting feature of the 
bridge across Lake Oneida at Brewer- 
ton, N.Y. In addition to containing the 


A part of oP, rignted JOURNAL OF THE AMERICAN CONCRETE INSTITUTE, V. 
ddress P.O. Box 4754, Redford Station, Detroit 19, Mich. Where the Eng- 


Proceedings V 


lish title only is jT, in a review, the book or article reviewed is in English. 


of Significant Contributions in Foreign and Domestic Publications 


longest prestressed spans in the west- 
ern hemisphere, 320 ft, none of its 
cantilever girders is supported directly 
from beneath, all are hung from di- 
agonal tendons and rods; and its sus- 
pended span girders are set between 
the cantilever girders rather than on 
them, held in place by transverse pre- 
stressing tendons. The unusual design 
was dictated by erection problems. 

Much of the article is devoted to pre- 
casting and prestressing of the mem- 
bers. 


Trends in the development for con- 
struction and errection of concrete 
bridges (Entwicklungstendenzen im 


Bau und Montage von Massiv- 

brucken) 

HERMANN Bay, Beton, Herstellung, und Ver- 
V. 9, No. 5, May 1959, 


wendung (Diisseldorf), 
pp. 165-175 
Reviewed by Frrprnanp S. Rostasy 
Unlike steel bridges, the design and 
construction of centering are impor- 
tant items in the cost of a concrete 
bridge. The function of the classical 
centering for arch bridges, which 
served as an example for several dec- 
ades, is described. Falseworks of fa- 
mous European bridges are shown. Af- 
ter World War II the tubular steel 
scaffold became a serious competitor 
to wood centering. Its quick assem- 
blage, adaptability, and reuseability are 
the major advantages over wood form- 
work. The neccessity to span inaccessi- 
ble precipices and gorges led to the 
self-carrying scaffolds which are most- 
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ly structural truss members themselves. 
Special methods of erection and as- 
semblage are described by means of 
examples. 


Colesberg Bridge 


[The Engineer (London), 
July 10, 1959, p. 16 
Reviewed by Aron L. MIRsKy 


V. 208, No. 5398, 


New two-lane, high-level highway 
bridge over the Orange River in the 
Union of South Africa, replacing old 
single-lane bridge which took 12 years 
to build at the end of the nineteenth 
century, is approximately 1300 ft long 
and consists of 14 spans (nine of 75.5 
ft, two of 100.5 ft, and three of 125.5 ft) 
of reinforced concrete. Of the 13 piers, 
nine are of hollow reinforced concrete 
construction; the other four are larger, 
carry a 52 ft over-all double cantilever, 
and are prestressed by cables grouted 
15 ft into the underlying bedrock to 
counteract any tension due to unbal- 
anced loading of the superstructure. 


Nordwestbogen Bridge in Berlin 
(prestressed-concrete rigid frame) 
[Das Bruckenbauwerk Nordwestbo- 
gen in Berlin (Spannbetonrahem) | 
Hanns Heuset, Der Bauingenieur (Berlin), V. 
34, No. 5, May 1959, pp. 169-178 
Reviewed by Aron L. Mirsky 
Bridge over the Spree is part of a 
loop road around Berlin, which in turn 
is part of a projected high-speed high- 
way net serving the city. It consists of 
12 spans, in six sets of two spans con- 
tinuous over and acting integrally with 
the intermediate pier. Both longitudinal 
«nd transverse prestressing was used. 
Since existing channel is a busy water- 
way, and temporary in-stream bents 
could not be used, construction of this 
portion featured a modified “free can- 
tilever” approach: initial sections were 
cantilevered both ways from the cen- 
tral pier, while most of remainder wa 
cable-supported in balanced fashion 
from temporary towers erected on that 
‘itr in the manner of the Severin 
Bridge across the Rhine at Cologne 
(Engineering News-Record, V. 164, No. 
5, Feb. 4, 1960, pp. 34-36, 38); only the 
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last sections were supported on tempo- 
rary bents erected on shore. An inter- 
esting and ingenious solution to a chal- 
lenging problem.* 

*Details of the other designs submitted in 
the 1957 design competition will be found in 
Beton-und Stahlbetonbau, V. 53, No. 5, May 
1958, pp. 106-117; Current Reviews, ACI 


JOURNAL, V. 30, No. 8, Feb. 1959 (Proceedings 
V. 55), p. 910 


Construction 


Load-carrying structure of the new 
Hessian National Bank in Darmstadt 
(Die Tragkonstruktion des Neubaues 
der Hessischen Landesbank in Darm- 
stadt) 


A. Meumet and E. Kern, Der Bauingenieur 
(Berlin), V. 34, No. 5, May 1959, pp. 179-185 
Reviewed by Aron L. Mirsky 
Structure contains two basements, a 
ground floor, four upper stories, and 
an attic. Plans called for a 15 x 30 m 
portion of the ground floor to be un- 
obstructed; this was accomplished by 
suspending the four stories above the 
ground floor from the roof trusses, 
which are of reinforced concrete with 
prestressed concrete tension ties; the 
suspenders are also of prestressed con- 
crete. The hip girder was also pre- 
stressed. Design and construction of 
the shear walls, the gable walls, and 
the stairway are also discussed. 


L-shed at Durban harbour 


Public Works of South Africa 
burg), Nov. 1959, pp. 21-23 
Reviewed by D. G. NorMAN 


(Johannes- 


New ocean terminal at Durban, cost- 
ing approximately $6,000,000, is now 
under construction. Design features 
variable depth rectangular prestressed 
girders carrying flat roof of precast 
slabs which forms car park. Other fea- 
tures are a helicopter platform and 
precooling and fruit handling facilities. 


Telescopic caisson lighthouse 
The Engineer (London), V. 208, No. 5407, 
Sept. 11, 1959, pp. 238-240 


Reviewed by Aron L. Mirsky 


To reduce amount of hazardous on- 
site construction, Swedish lighthouse 
construction has now been developed 
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to an interesting point: the double tel- 
scopic caisson, consisting of two closed- 
bottom sections, one nesting inside the 
other. These are constructed on land, 
launched, and towed to the site; the 
outer caisson is then sunk onto a pre- 
pared bed, and the inner caisson (the 
tower) is then raised by pumping water 
into the space between the caissons, 
and concreted in place. Informative 
article describes lighthouses constructed 
from 1953 to 1959, stages in the de- 
velopment of this concept, and the con- 
struction methods used. 


Regulating works of the Baix-le 
Logis Neuf canal, by La Compagnie 
Nationale du Rhone (Les travaux 
d’amenagement de la chute de Baix- 
le Logis Neuf, par la Compagnie 
Nationale du Rhone) 

G. Gres, Le Genie Civil (Paris), V 


May 1, 1959, pp. 193-200. 
Reviewed by Aron L. Mirsky 


136, No. 9, 


Covers construction of the power 
plant-outlet valve-spillway portion of 
the project, and the tailrace. Consider- 
able attention (especially photograph- 
ic) is devoted to the formwork for the 
power plant. 


Watertight deck slab 


Contractors 
Nov. 


and Engineers, V. 
1959, pp. 86-88 


56, No. 11, 


Describes the construction procedure 
for making a waterproof concrete deck 
strong enough to park automobiles. The 
roof slab is supported by ‘T-girders, 
both of which were given a combina- 
tion of post-tensioning and pretension- 
ing. The columns, precast at the job 
site, were heavily reinforced. 


Silo for sugar storage (inDutch) 
M. Wierpa, Cement (Amsterdam), V. 11, No. 4, 
Aug. 1959, pp. 334-336 
Reviewed by Joun W. T. Van Erp 
First silo for bulk beet sugar storage, 
built in the Netherlands by slip-form 
method, has 10,000 ton capacity. It has 
a 120 ft height, a 75 ft diameter, and 
was prestressed for crackfree walls. 
There is a centrally located vertical in- 
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spection shaft with an adjacent elevator 
and conveyor tower that was also built 
by the slip-form method. In view of the 
expected settlement, both silo and con- 
veyor tower were built on independent 
foundations (concrete piles). The silo 
had no exposed steel due to the aggres- 
sive nature of sugar. 


Corrugated arch shell construction 
International Civil Engineer & Contractor 
(London), V. 11, No. 4, July-Aug. 1959, p. 58-59 

Brief description of two corrugated 
concrete shell warehouses built in Pais- 
ley, Scotland, of 30,000 and 45,000 sq ft. 
The roofs are 2% in. thick reinforced 
concrete shells spanning 100 ft. The 
Ctesiphon system conforming to an in- 
verted catenaty was used. The concrete 
shell was cast on a formwork of ex- 
panded metal which was draped to the 
shape of the corrugations, three to 
every 25 ft of width. 


Lining of an aqueduct tunnel with 

precast reinforced concrete pipe 

(Stollenausbau durch Verwendung 

vorgefertigter Stahlbetonrohre) 

H. Burkert, Bauplanung-Bautechnik (Berlin), 

V. 13, No. 7, July 1959, pp. 302-307 
Reviewed by J. F. LeppMANN 

High strength precast concrete pipe, 
backfilled with lean concrete, were 
substituted for an initially planned cast- 
in-place concrete lining with a pneu- 
matically applied inner mortar coating. 
The tunnel, nearly 2 miles long, had 
been completed before lining opera- 
tions began, and stood up without tim- 
bering. The 8 ft-1 in. long pipe sections 
have a 6 ft-6 in. inner diameter and 
5.5 in. wall thickness and were placed 
on prepared concrete saddles from a 
specially designed carriage which ran 
on a 24-in. gage track. The same track 
was used by a concrete mixer train 
from which the backfill concrete was 
placed pneumatically. 

About half of the article describes 
the water proofing of the pipe, espe- 
cially the pipe joints, against a water 
pressure of 43 psi. The abutting pipe 
end surfaces were provided with pre- 








110 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE July 1960 


molded bituminous seal rings of in 
itially rectangular cross section. After 
each pipe section was placed it was 
pressed against its predecessor with a 
longitudinal force of from 22,000 to 
24,000 lb, squeezing the seal rings until 
they filled the joint completely. 


Job-built jacks handle prefabricated 
roof forms 
Conctractors and Engineers, V. 57, No. 5, May 
1960, pp. 142-145 

A sturdy, simple form system, pre- 
fabricated at floor level on the job 
and raised into place by job-built jacks, 
resulted in speedy and economical con- 
struction of a thin-shell hyperbolic 
paraboloical concrete roof for a 141 x 
281ft warehouse. Each form section was 
17 1/2 x 35 ft; eight of these panels 
were built. 

Precast columns, tilt-up walls, and 
a cast-in-place floor slab completed 
the structure. 


Construction Techniques 


Foundations on cast-in-place piles 
F. Derqui, Madrid, Spain, 12th Edition, 1958, 
elated BRI AsBsTRACTsS 
Sept. 1959 
The intends that these 130 articles 
forming the context for suggested inter- 
national specifications will provide 
sound, experienced, and reliable infor- 
mation for designing pile foundations. 
This revised edition is the result of 
collaboration with engineers in several] 
countries. 


Pumped concrete (Pumpbeton) 


E. Rreset, Beton, Herstellung, und Verwen- 
dung (Diisseldorf), V. 9, No. 2, Feb. 1959, 


pp. 52-58 _ 
Reviewed by FERDINAND S. Rostasy 
Conveying of concrete by pumping 
is today, after initial failures, generally 
acknowledged. The pumps used are 
heavy-duty, piston type. The various 
pipes and connections permit contrac- 
tors to adapt to any kind of project. 
Widely different opinions exist as to the 
efficiency of the pumps, but roughly 


25 cu yd per hr are possible. The maxi- 
mal length of transport is given as 650 
yd, while for vertical transport 55 yd 
are mastered. 

Uniformity is most important for 
pumping. Experience shows that plastic 
to medium stiff concrete is most suit- 
able. Cements which give a workable 
mix should be chosen; a minimum ce- 
ment content of about 4.5 sacks per cu 
yd of concrete is essential. The grada- 
tion of the aggregates has to guarantee 
a smooth flow without segregation. The 
author gives sieve curves with refer- 
ence to German code DIN 1045. A suit- 
able water-cement ratio in accordance 
with cement content and aggregate 
gradation has to be chosen. Plastifying 
and air-entraining agents can be ap- 
plied successfully, accelerators cau- 
tiously. 


Use of fluxed bitumen for curing 
concrete (in Russian) 
V. Panxratov and B. Musin, Avtom Dorogi, 
V. 22, No. 7, 1959, p. 11 
Roap ABSTRACTS 
V. 27, No. 2, Feb. 1960 
Specifications are given for the prep- 
aration of fluxed bitumen with 40 per- 
cent benzine A-66. The mix is sprayed 
on freshly laid concrete at a rate of 
300 gal. per sq m. Greater strength of 
concrete is achieved by this method 
than by the use of moist sand or saw- 
dust, with a 70 percent savings in the 
cost of curing. 


‘““Pretub’’ method for the lining of 
circular galleries (Le procede ‘‘Pre- 
tub” pour la realisation du revete- 
ment des galeries circulaires) 
J. Barenst, Le Genie Civil (Paris), V. 136, 
No. 10, May 15, 1959, pp. 224-225 
Reviewed by Aron. L. Mirsky 
Describes method and apparatus fo. 
lining circular galleries in unstable 
ground with precast concrete voussoirs. 
Blocks are introduced at bottom of cage 
which consists of an inner and an outer 
ring, latter serving also as shield. Rings 
are equipped with rollers; blocks are 
moved toward crown by hydraulic 
jacks, all operations being performed 
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symmetrically about a vertical diame- 
ter, culminating in insertion of two 
half-blocks with a small hydraulic jack 
between them, activation of which en- 
sures full seating of all blocks. Longi- 
tudinal movement of the rig is also 
accomplished by hydraulic jacking. 


Internal vibration of concrete 

J. Korex, Civil Engineering and Public Works 
Review (London), V. 54, No. 640, Nov. 1959, 
pp. 1286-1290 

Describes tests of internal vibrators 
for use in the precast concrete industry 
Object was to investigate possible 
methods of testing and determine rela- 
tive efficiency of ten different vibra- 
tors. Most favorable method was based 
on ultrasonic pulse velocity in a block 
of concrete compacted by internal vi- 
bration. 

Author concludes that of vibrators 
tested those having frequencies above 
6000 rpm were most effective 
the case with those having heads 1.5 in 
in diameter or greater. Ultrasonic pulse 
velocity measurements can distinguish 
quantitatively the effectiveness of a 
vibrator. Exact measurement of the 
parameters of vibration (amplitude, 
frequency, acceleration) was judged to 
be difficult and the results unreliable. 


as was 


A-power plant takes shape on the 
Hudson 


Engineering 
7, 1960, 


News 


pp 


-Record, V 
40-42 


164, No. 11, 


... Here’s how they built the dome 


News-Rec- 
pp. 43-44, 46 


Engineering 


WILLIAM HERSHLEDER 
7. 164, No. 11, Mar. 17, 1960 


ord, V 

First article describes general layout 
and construction of plant for Consoli- 
dated Edison Co., N. Y., at Indian 
Point. Second specifically describes 
erection of the precast concrete dome 
over the power reactor. 

Reactor building is a circular cast- 
in-place structure 180 ft in diamete: 
topped with a dome formed of precast 
ribs, acting first as simple beams 
springing from the top of the circular 
wall to a temporary platform on the 
tower of a central derrick then as fixed 
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arches, covered with precast curved 
planking. The dome shape is neither a 
true sphere or a surface of revolution, 
providing interesting forming problems. 
Site layout is described for fabricat- 
ing and erecting both the spherical steel 
vapor container and the covering dome 
Both were erected using the central 
tower-supported guy derrick erected at 
the center of the reactor structure. 


Welding of reinforcing bars for con- 

crete construction 

J. F. Rupy, F. Suyama, and H. SCHWARTZBART, 
3 


Welding Journal, V. No. 8, Aug. 1959, 
»p. 335s-344s 

AppLIeD MECHANICS REVIEWS 

Mar. 1960 

An investigation of the welding of 


reinforcing bars has been conducted 
on random lots, obtained from 11 dif- 
ferent suppliers, and representing hard, 
intermediate, and structural grades, in 
three different bar sizes, embracing a 
range of chemical composition. 

Several geometries of both lap and 
butt welds were investigated, totaling 
approximately 550 weldments. 

A welding procedure presented 
with which strengths up to 75,000 to 
80,000 psi have been obtained in butt 
welds on bars of all analyses investi- 
gated, except structural grade, where 
90 percent joint efficiency was ob- 
tained. These values represent joint ef- 
ficiencies approaching 100 percent for 
intermediate and structural grade bars, 
and 60 to 80 percent for the hard grade 
bars, based on the ultimate strength as 
100 percent efficient. If the yield point, 
which is the figure used for design cal- 
culations, is adopted as the basis for 
joint efficiency, these values run from 
about 105 percent for high grade steels 
up to about 175 percent for the inter- 
mediate and structural grades. 

The procedures involved utilize 
either E7016 electrodes (70,000 psi ulti- 
mate, low hydrogen) or its iron-pow- 
der modification. The joint geometries 
used are conventional, with no preheat 
requirement. Limited evaluation of the 
procedure on bars which had been 
cooled to 0 F indicated no deleterious 
effects of low temperature. 


is 
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Dams 


Experimental method of investigat- 
ing stresses in buttress dams 
J. R. Rypzewski, British Journal of Applied 
Physics (London), V. 10, No. 10, Oct. 1959, 
pp. 465-469 
Reviewed by Aron L. Mirsky 

Gives details of method developed 
for investigating the stress distribution 
in a buttress dam web of constant 
thickness, built on an elastic founda- 
tion with properties different from 
those of the dam proper. Method uti- 
lizes Araldite models cemented to foun- 
dation blocks of another material (not 
necessarily photo-elastic), centrifugal 
loading, frozen-stress techniques, and 
a modified form of a readily available 
comparator such as used in machine 
shops for checking surface finishes, for 
obtaining the sum of the principal 
stresses at any given point directly. De- 
velopmental tests of model manufac- 
ture, loading, heating and cooling, etc., 
are described. Method promises to be 
useful, to yield results of high accu- 
racy, and to be applicable to gravity 
dams. 


Features of Lednock Dam, including 
the use of fly ash 
ArTHUR C. ALLEN, Proceedings, Institution of 
Civil Engineers (London), V. 13 (Session 
1958-59), June 1959, pp. 179-196 
Reviewed by Aron L. Mirsky 
Lednock Dam, a part of the North 
of Scotland Hydro-Electric Board’s 
Breadalbane Scheme,* is a mass con- 
crete buttress dam consisting of 13 dia- 
mond-head buttresses with solid grav- 
ity end sections, featuring extensive 
pressure grouting, horizontal construc- 
tion joints, a single water seal of bi- 
tumen between adjacent buttresses and 
the gravity blocks, and an inspection 
shaft in the head of each buttress. Fly 
ash was used as replacement for 20 
percent of the cement by weight, re- 
sulting in increased workability, slower 
hardening, reduced heat of hydration, 
ard reduced cost. However, increased 
carvon content of the fly ash over that 
anticipated resulted in lower strengths; 
required minimum 28-day strength was 
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thus set at 71 percent of all-portland 
cement concrete. Author notes that spe- 
cific surface of fly ash is not a good 
criterion and suggests some other meth- 
od of expressing the physical charac- 
teristics of this material be developed. 

*cf The Engineer (London), V. 2C6, No. 5346- 
5349, 1958; Current Reviews, ACI Journat, 


V. 31, No. 5, Nov. 1959 (Proceedings, V. 56), 
p. 426 


Why don’t U.S. dambuilders build 
buttress type dams? 
G. S. SarKxaria, Engineering News-Record, 
V. 164, No. 13, Mar. 31, 1960, pp. 30-34 
Presenting the case for buttress 
dams, two types are discussed: mas- 
sive-head and hollow gravity dams. 
Several deterrents to the use of but- 
tress dams are discussed and the point 
made that they can be overcome by 
suitable design and modern construc- 
tion methods. Discussion of design ele- 
ments and costs is offered along with 
a list of the 30 buttress dams built or 
started in the western world since the 
early 1940’s. 


Cavitation damage of 
concrete surfaces 


DONALD COLGATE, 
HY 11, Nov 


roughened 


Proceedings, 
1959, pp. 1-10 
AUTHOR’s SUMMARY 


ASCE, V. 85, 


Discusses an exploratory laboratory 
study concerning the evaluation of the 
cavitation potential of various types 
of roughened concrete surfaces. Meth- 
ods of evaluating the data determined 
by the laboratory study, and means of 
presenting the results for use by design 
and field engineers, are discussed. 


Simplified procedure for stress anal- 
ysis of gravity dams 


R. S. Sanpuu, Proceedings, ASCE, V 
6, Dec. 1959, pp. 173-187 


85, PO 
AvuTHOR’s SUMMARY 


By applying the formula and tables 
derived in this paper a quicker solu- 
tion of the “principal stresses,” by the 
gravity analysis method, can be cal- 
culated for a gravity masonry dam. 
These short cuts although saving con- 
siderable man-hours do not impair the 
accuracy of the results. 
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Design 


Folded plate design (in Dutch) 
H. Grasowsk1, Cement (Amsterdam), V. 11, 
No. 5, Oct. 1959, pp. 460-465 
Reviewed by Joun W. T. VAN ERP 
Method of analysis is developed by 
taking the normal stresses along the 
ribs and the transverse moments as un- 
knowns. These unknowns are then de- 
termined by means of successive ap- 
proximations. Article shows transverse 
moments that are due to displacement 
of ribs can be neglected. Method given 
can also be applied to cylindrical shells. 


Design and selection of hyperbolic 
cooling towers 


R. F. Risu and T. F. Stee.t, Proceedings, ASCE, 
V. 85, PO 5, Oct. 1959, pp. 89-117 
AvutTuors’ SUMMARY 
The structural design of hyperbolic 
cooling towers is discussed with par- 
ticular reference to wind stresses in 
the shell. Formulas are given to enable 
the size of cooling towers to be deter- 
mined for a given cooling duty, and a 
method outlined for the selection of the 
most economic duty. 


Ultimate load theory for concrete 
frame analysis 
A. L. L. Baker, Proceedings, ASCE, V. 85, 
ST 9, Nov. 1959, pp. 1-29 
AvuTHOR’s SUMMARY 

This paper deals with (a) an ideal- 
ized conception of elastic members 
joined by plastic hinges; (b) basic 
parameters, minimum values, and the- 
oretical assumptions for strength and 
deformation calculations of members 
and hinges; (c) the behavior of ulti- 
mate designs under working load. 


Wind pressures in various areas of 
the U.S. 


GutTtTorM N. Brekke, Building Materials and 

Structures Report No. 152, National Bureau of 
Standards, Apr. 1959, 8 pp., $0.15 

BRI AsstrRActs 

June 1959 

A procedure is described for develop- 

ing a wind-pressure map that shows 

minimum resultant wind pressures (30 

ft above ground) for design purposes 


It is based on records of annual fastest- 
single-mile wind speeds at 155 U. S. 
Weather Bureau stations. In comput- 
ing resultant wind pressures from these 
data, allowance was made for gusts and 
for building shape. A table of design 
wind pressures at various heights from 
less than 30 to more than 1200 ft above 
ground is provided for use with the 
map. Principal sources of strong winds 
affecting building constructions are re- 
viewed briefly. 


Design of folded plates 
E.1anu Traum, Proceedings, ASCE, V. 85, 
ST 8, Oct. 1959, pp. 103-123 
AuTHOR’s SUMMARY 
Various design theories of folded 
plate structures are critically reviewed. 
The advantages and generality of the 
“method of particular loadings” are 
stressed and an outline of its applica- 
tion is given. The method is illustrated 
by a numerical example. 


Properties of rectangular reinforced 
concrete beams under flexure (in 
Spanish) 
HENRIQUE ARNAL ARROYO and OscaR GUERRA 
Munoz, Revista del Colegio de Ingenieros de 
Venezuela (Caracas), No. 272, Nov. 1958, 
pp. 35-39 
Reviewed by Joserx J. WADDELL 
A group of tables for quick solution 
of the properties of reinforced concrete 
beams, such as effective depth, shear- 
ing stress, and reinforcing require- 
ments. 


Flat plates (in Spanish) 
V. Martin Etvira, Revista del Colegio de In- 
genieros de Venezuela (Caracas), No. 282-283, 
Sept.-Oct. 1959 
Reviewed by Joseru J. WADDELL 
Known and exact solutions for elas- 
tic flat plates consists of complicated 
transcendental equations which are of 
limited value in many cases. This pa- 
per presents an exact algebraic solu- 
tion, of the general case, for a plate 
subject to a load at right angles to its 
middle plane. The case of the rectangu- 
lar flat plate subject to uniformly dis- 
tributed load is presented, considering 
also the related parts as they may be 
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most frequently used in actual con- 
struction. 

A comparison is made with the meth- 
od of S. J. Fuchs in “Plates With Boun- 
dary Conditions of Elastic Support,” 
Separate No. 199, ASCE, 1954, and with 
certain experimental data. 

The author concludes that this meth- 
od is more simple than the usual meth- 
ods, but results are exact, being in con- 
formance with carefully conducted 
tests. He suggests that further experi- 
mental work be done. 


The three-span articulated beam 


REGINALD G. RoBERTSON, Proceedings, Institu 

tion of Civil Engineers (London), V. 

(Session 1958-59), Aug. 1959, pp. 467-476 
Reviewed by Aron L. Mirsky 


For a three-span beam with a por- 
tion of the center span suspended from 
two cantilever arms, author develops 
expressions for the optimal span pro- 
portions, depths, and haunch sizes (re- 
quired in the longer spans). These are 
then presented in the form of a design 
chart. A worked example is given, for 
a prestressed concrete beam; author 
indicates: method is also applicable to 
ordinary reinforced concrete structures. 
Finally, a comparison is made with a 
continuous beam of uniform section 
and with a structure of three simple 
spans, both as previously designed by 
the author [Proceedings, ICE, V. 10, 
May 1958, pp. 19-38 and 39-58; Current 
Reviews, ACI JourNAL, V. 31, No. 1, 
July 1959 (Proceedings, V. 56), pp. 89, 
90}. 


Statistical 
design 

Hsuan-Lon Su, Proceedings, Institution of 
Civil Engineers (London), V. 13 (Session 1958- 


59), July 1959, pp. 353-362 
Reviewed by Aron L. Mirsky 


approach to structural 


Author proposes a rational design 
method, based on the principles of 
probability and statistics. He points out 
that “serviceability” would be more 
appropriate than “safety” as the cri- 
terion, and hence method is applicable 
to problems of buckling, minimum- 
weight design, fatigue, etc., and not 
only to the more common elastic or 
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plastic design. Three examples are giv- 
en: a steel beam of constant section, 
fixed at both ends; an axially-loaded 
reinforced concrete column; and the 
bearing capacity of a soil. Designs 
based on proposed method are shown 
to be more economical than usual solu- 
tions. 

The discussion (March 1960, pp. 296- 
301) points up many of the feelings— 
pro and con—actuating engineering 
thought on the statistical approach to 
safety in structural design. Author’s 
feelings are well summed up in his 
mnail phrase, ™........ the philosophy 
of the collapse-happy designers.” 


Bending moments on shell bound- 

aries 

H. H. Bietcu and M. G. Satvapori, Proceedings, 

ASCE, V. 85, ST 8, Oct. 1959, pp. 91-101 
AUTHOR's SUMMARY 

The structural analysis of thin shells 
is usually performed by determining 
the state of membrane stress due to 
the loads and by introducing bending 
corrections in the neighborhood of the 
shell boundaries. The corrections are 
required to satisfy the boundary con- 
ditions which cannot be satisfied by 
membrane stresses alone. The pene- 
tration of the bending stresses into the 
shell depends on the thickness and the 
dimensions of the shell, and also on 
the characteristics of the middle sur- 
face of the shell. 

A comparison is made of bending 
stresses due to an applied boundary 
moment in flat plates, cylindrical shells, 
rotational shells, and saddle shells. The 
comparison illustrates the mechanism 
of bending stress penetration in the 
most commonly used types of thin 
shells. 


The behavior of the shallow hyper- 
bolic paraboloid supported along four 
straight generatrices is studied by 
means of Vlasov-type equations. The 
boundary disturbances to be added to 
the membrane stresses are known 
quantitatively in a rather special case, 
and qualitatively only in the general 
case. Their determination remains an 
open problem. 
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Relaxation methods for two-dimen- 
sional plate problems 
J. A. N. Leg, Engineering (London), V. 187, 
No. 4865, June 5, 1959, p. 752* 
Reviewed by Aron L. MIRSKY 

Demonstrates that relaxation meth- 
ods give values of deflections at nodal 
points of flat plates under concentrated 
loads normal to the surface, which 
compare favorably with experimental 
results, provided the deflections are 
small compared to the plate thickness, 
the grid size is small, and the residual 
is well dispersed. Salvadori’s (1951) 
extrapolations are shown to lie quite 
close to results obtained by relaxation 
methods. 


*Digest of paper obtainable from The Uni- 
versity, Nottingham, England (10 s). 


Designing flat plates and slabs 
E. VERNON KonkKEL, Consulting Engineer, V. 13, 
No. 5, Nov. 1959, pp. 110-113 
Reviewed by Akron L. MIRsKy 

While use of flat plates and flat slabs 
results in maximum economy, both 
initial and long-term, due to the shal- 
lowness of the structural system, that 
very shallowness can lead to trouble 
due to excessive deflections. Article 
summarizes the various causes of ex- 
cessive deflection and suggests meth- 
ods of preventing or minimizing such 
deflection. Both the novice and the 
expert designer should benefit from 
reading this paper, to say nothing of 
the owners of such structures. 


Initial and subsequent deflections of 
reinforced concrete beams in state 
Il; Proposals for limitations and sim- 
plified proof (Anfangliche und nach- 
tragliche Durchbiegungen von Sta- 
hibetonbalken in Zustand II; Vors- 
chage fur Bregenzungen und verein- 
fachte Nachweise) 
F. Leonnarpt, Beton und Stahibetonbau (Ber- 
lin), V. 54, No. 10, Oct. 1959, pp. 240-247 
Reviewed by Rupo.rpx SzILarp 
The determination of deflections, 
neglecting the cracked tensile zone, 
gives different results than that re- 
quired by the building codes. Propo- 
sitions for alteration of the present 


German Building Code (DIN) require- 
ments have been worked out by the 
author, including a simplified method 
which can be utilized for checking de- 
flections caused by initial loading, long- 
time loading, creep, and shrinkage. 


Method for establishing the dimen- 
sions of railway slab bridges with 
stiffened edges (in Hungarian) 


O. Hatasz, Proceedings, Technical University 

for Architecture, Civil and Transportation 
Engineering, V. 4, No. 2, 1958, pp. 3-12 

HUNGARIAN TECHNICAL ABSTRACTS 

V. 11, No. 4, 1959 


A method is presented for deter- 
mining the dimensions of reinforced 
concrete railway slab bridges with 
stiffened edges. Proceeding from the 
theory of thin slabs, the stresses arising 
in a slab freely supported by the abut- 
ments and elastically stiffened by the 
border ribs are analyzed by the use of 
infinite series. Tables and diagrams are 
furnished on the maximum bending 
moments developing in the middle of 
the slab and in the border ribs for 
various conditions of stiffness and side 
ratio. The tables and diagrams also 
cover size ratios which have not been 
published in literature. The depth of 
railway slab bridges can be reduced 
by the proposed method. 


Elastic deformations and forces in a 
circular, encastre, symmetrical arch 
loaded by a constant normal force N 
and a lateral uniformly distributed 
load p; stability of elastic equilibri- 
um (Deformations elastiques et 
efforts dans un arc circulaire, en- 
castre, symetrique, soumis a un ef- 
fort normal N constant et a une 
charge laterale p repartie uniforme- 
ment; stabilite de l’equilibre elas- 
tique) 

P. LayrRANcuEs, Annales des Ponts et Chaus- 


sées (Paris), V. 129, No. 3, May-June 1959, 
pp. 323-344 


Reviewed by Aron L. Mirsky 

A constant normal force acting paral- 
lel to the neutral surface is shown to 
have a considerable effect on the lateral 
stresses and strains in a circular arch 
of large span carrying a uniform load 
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acting perpendicular to the plane of 
the neutral fiber (i.e., normal to the 
plane of the arch). Formulas are de- 
rived which are applicable to the 
investigation of the elastic stability of 
such a system, and to the calculation 
of the critical normal stress in terms 
of the arch geometry and the prop- 
erties of the section. A numerical 
example demonstrates striking similar- 
ity of results to those obtained by 
Timoshenko-Hencky methods. While 
derivation is based on arches of con- 
stant section, a general theory to 
include variable flexural and torsional 
properties and variable normal force 
is possible. 


Direct analysis 
shells 
S. P. Banersee, Indian Concrete Journal 


(Bombay), V. 33, No. 12, Dec. 1959, pp. 417-418 
UTHOR’Ss SUMMARY 


of doubly-curved 


The simultaneous solution of the 
differential equations of equilibrium of 
a shell element is rather difficult and 
it is therefore usual to have recourse 
to some iterative method to obtain the 
results indirectly. The paper presents 
an alternative method which gives a 
direct solution. 


Loading capacity of the compression 
plate of reinforced concrete T-beams 
in simple bending (Die Trangfahi- 
gkeit der Druckplatte von T-Balken 
aus Stahlbeton bei einfacher Bie- 
gung) 

GoTTFRIED BRENDEL, Bauplanung-Bautechnik 


(Berlin), V. 13, No. 10, Oct. 1959, pp. 458-464 
Reviewed by J. F. LeEppMANN 


The design of T-beams is usually re- 
duced to that of rectangular beams of 
the same depth by introduction of the 
so-called “effective width.” In view of 
wide differences between the design 
specifications of various countries on 
the subject, the author presents a group 
of diagrams and tables which permit a 
numerical evaluation of the effective 
wiaih as a function of the geometrical 
proportions and the type of loading for 
both isolated and multiple T-beams. 
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The calculation proceeds in two 
steps: the first is based on the known 
solution of the problem for infinitely 
flexible plates, the second considers 
their finite stiffness. Elastic-linear be- 
havior is assumed in both. The results 
are compared with design specifications 
of numerous countries and are support- 
ed by tests made by the author. 

Unfortunately, the formulas the au- 
thor has used in the first step are not 
given nor are the numerical values 
used in the second step sufficiently ex- 
plained. If one wishes to check the 
author’s premises and the applicabil- 
ity of his methods to the solution of 
specific problems he has to resort to 
the sources listed in the bibliography, 
not all of which are readily available 
in English speaking countries. 


Elements of reinforced concrete 
Sytvan P. Srern, Prentice-Hall, Inc., New 
York, 1959, 444 pp., $10.60 

A good text for a first course in 
reinforced concrete—provided that it 
is desired to apply only the working 
stress method of design; there is no 
mention of ultimate strength design. 
The author carefully takes the student 
through design of flexural members, 
utilizing primarily the method of trans- 
formed section. Beams with axial load 
are not considered. 

Bond, shear, diagonal tension, and 
anchorage are well covered. The chap- 
ter on columns deals only with axially 
loaded columns—nothing on eccentri- 
cally loaded columns, so the “cracked 
section method” is not covered. 

The chapter on retaining walls is 
based on the section on retaining walls 
and abutments in the American Rail- 
way Engineering Association manual. 
Other sections are all in accordance 
with the provisions of the ACI Build- 
ing Code, ACI 318-56. Examples are 
carefully worked out in detail with 
all information given. One chapter 
takes the student through the founda- 
tion design for a steel-framed building. 
The chapter on detailing and drafting 
of reinforced concrete structures fol- 
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lows the Manual of Standard Practice 
for Detailing Reinforced Concrete 
Structures (ACI 315-57). 

Apparently this book was designed 
for use in an elementary or intro- 
ductory course to reinforced concrete 
design and should serve its purpose 
well. After developing the theories, the 
author demonstrates the practical ap- 
plication in the foundation design 
and then presents a working set of 
drawings. 


Materials 


Evolution of the cement industry 
and its adaptation to underdeveloped 
countries (L’evolution de l’industrie 
cimentiere et son adaptation aux 
pays sous-developpes) 
ALFRED Baouman, Le Génie Civil (Paris), V 
136, No. 11, June 1, 1959, pp. 249-250 
Reviewed by Aron L. Mirsky 
Discusses requirements of modern 
cement plants and shows that such 
plants are suitable for establishment 
in underdeveloped sections of the 
world (Africa, Asia) possessing the 
requisite raw materials. 


Lower cost aggregate production 
through automation 
J. E. Doyen, Pit and Quarry, V. 52, No. 9, 
Mar. 1960, pp. 112-117 

A review of various applications of 
automation to quarrying and aggregate 
production operation. Four systems 
described are: (1) primary system, (2) 
secondary and tertiary crushing sys- 
tem, (3) bin stcrage system and, (4) 
blending and loading system. 


Basic rotary kiln design for light- 
weight aggregate 
M. F. Parsons, Pit and Quarry, V. 52, No. 9, 
Mar. 1960, pp. 100-104 

Describes a setup for expanding clay 
and shale in rotary kilns to produce 
high-strength lightweight aggregate. 
Some basic characteristics of both ma- 
terials are noted. Five required features 
of an efticient kiln are that it must be 
(1) equipped with a cooler, (2) small 





Note 

Copies of books and articles 
reviewed are not available 
from ACI. Available address- 
es of publishers are listed in 
the June “Current Reviews” 
each year. In some cases 
ACI can furnish addresses of 
publications added later. 











in relation to its production, (3) op- 
erated at high inclination and high 
speed, (4) equipped with internal pre- 
heaters and dams to build high loads, 
and (5) equipped with a mechanical 
draft. 


Cement hydration (Die Hydratation 
des Zements) 
Zement und Beton (Vienna), No. 16, July 
1959, pp. 3-37 

Reviewed by Fritz KRAMRISCH 

The entire issue is devoted to the 
publication of lectures, reports, and 
discussions regarding the hydration of 
cement, presented at a conference held 
for this sole purpose in Vienna. 

The articles deal with the chemical 
and physical characteristics of the hy- 
dration products of cement, findings 
regarding the hydration of calcium 
silicates, nonselective hydration of ce- 
ment minerals, reactivity of gelwater, 
and the adsorbtion of the hardened 
cement. 

To investigate the strength of the 
cement paste, tests on small test cyl- 
inders (11.3 mm diameter and length 
and 1 sq cm cross sectional area) are 
described and their advantages and 
shortcomings discussed. 

Another article deals with the exam- 
ination of hydrated cements under the 
electron microscope. It describes the 
preparation of the samples and the test 
arrangement and procedure. This arti- 
cle is accompanied by a number of 
interesting photographs taken with the 
electron microscope showing highly 
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magnified shapes, textures, grids, and 
mutual arrangements of the finest 
cement grains. 


Use of fly ash in brick and block for 
construction (L’utilization des 
cendres de thermocentrales pour la 
fabrication des briques et des blocks 
de construction) 

MANOLEscu, GEOGEsCU, and GrvuLEscu, Revue 
des Materiaux (Paris), No. 520, Jan. 1959, pp. 


10-15; No. 525, June 1959, pp. 147-150 
Reviewed by Pxuituie L. MELVILLE 


Tests were performed on the use of 
fly ash from lignite. Best results were 
obtained with the following mix (by 
weight): 8 parts ash, 1 part dry, fresh 
unslaked lime, % part plaster, and 2% 
parts water. Optimum curing was with 
steam at 80C for 16 hr and 48 hr under 
water. Resulting block had a compres- 
sive strength of 140 to 160 kg per sq 
em, good durability, insulating prop- 
erties, and low cost. 


An industry first: HMS for crushed 
stone 


KNEELAND A. Goprrey, Jr., Rock Products, V. 
62, No. 11, pp. 96-99, 102 


The crushed stone industry has fi- 
nally come to using heavy-media sep- 
aration. This Illinois plant installed a 
new plant to upgrade (at 50 tph) chert- 
bearing limestone. The plant not only 
removed all but 0.2 percent of the 3 
to 4 percent chert, but it also removed 
some lightweight gray limestone of a 
generally higher specific gravity. 


Use of fly ash in concrete by Ontario 
Hydro 
J. N. Mustarp and C. MacInnis, The Engi- 
neering Journal (Montreal), V. 42, No. 12, 
Dec. 1959, pp. 74-79 

Reviewed by Aron L. Mirsky 


Detailed resumé of Ontario Hydro’s 
experience with fly ash in grouts and 
concrete, on the following projects (in 
chronological order): Niagara (Sir 
Adam Beck No. 2), St. Lawrence (Rob- 
ert H. Saunders), Whitedog and Cari- 
bou, and Otter Rapids. Advantages 
cited are reduced temperature rise, in- 


creased workability, somewhat _in- 
creased setting time, increased sulfate 
resistance, economy; disadvantages are 
slower strength development and in- 
creased form pressures due to length- 
ened setting time. Also described is 
batching of the ash as a slurry, devel- 
oped on the St. Lawrence project and 
used successfully on succeeding proj- 
ects. 


A check list for concrete admixtures 
A. G. LesseL, Concrete, V. 67, No. 9, Sept 
1959, pp. 18-19 

The problem of determining the rela- 
tive merits and qualifications of con- 
crete admixtures can be costly and con- 
fusing for those who haven’t kept fully 
informed. To help facilitate this prob- 
lem, a comprehensive check list is 
provided for the prospective user. It 
lists important properties and qualities 
that should be examined prior to ac- 
cepting an “alloy” so as to help elimin- 
ate undesirable or harmful effects. 


Study of the behavior of colored 
cements (Etude du comportement 
des ciments colores) 
M. VeNAutT, Revue des Materiaux (Paris), No 
524, May 1959, pp. 117-122 
Reviewed by Pxuiiire L. MELVILLE 
Two yellow, one red, one black, and 
one green mineral pigments were 
added in variable quantities to white 
portland cement of three different 
finenesses. Tests were performed on 
shrinkage, swelling, and strength. The 
effects of the pigments was found to 
be minor. 


Lime slag cement for use in ma- 
sonry: IV 
SuHorcuTRo NacGar and YOSHIMICHI IROKAWA, 
oa" to Sekkai (Tokyo), No. 41, 1959, pp 
CERAMIC ABSTRACTS 
Nov. 1959 
Two series of cement samples were 
prepared (by weight): (1) 60 parts of 
granulated blast-furnace slag, 20 to 30 
parts of fly ash, and 20 to 10 parts of 


Ca (OH).; (2) 50 to 70 parts of white 
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portland cement and 50 to 30 parts of 
pulverized slaking residue of lime. Ef- 
fects of several different kneading so- 
lutions on the setting, hardening, and 
especially on the formation of efflores- 
cence were tested. The use of H:O con- 
taining 2 percent (weight) anhydrous 
Na:SQ, or the immersion of hardened 
7 day old specimens in water is effec- 
tive in preventing the formation of 
efflorescence. 


Influence of airing of clinkers and 
cements on their physical and me- 
chanical properties (Influence de 
l'eventment des clinkers et des ci- 
ments sur leurs proprietes physiques 
et mecaniques) 
M. Venvuat, Revue des Materiaux (Paris), No 
523, Apr. 1959, pp. 79-88 
Reviewed by Puiu L. MELVILLE 
Changes in setting time, strength, and 
shrinkage cracking were related to 
airing of cement at 20C, 65 percent 
relative humidity for 6 months. Clinker 
was found unaffected by storage if the 
relative humidity was less than 75. It 
was found that the finer the cement, 
the more deleterious was the mixing. 
The use of hydrophobic cement resulted 
in lower strengths. 


Sawdust concrete 
Constructional Review (Sydney), V. 33, No 
2, Feb. 1960, pp. 30-32 

A brief summary of information on 
sawdust concrete covering strength, us- 
age, drying shrinkage and moisture 
movement, pre-treatment of sawdust, 
proportions, mixing, placing, curing, 
and a sawdust-sand mix. 


Modern materials: Concrete interlay; 
thermoplastic membrane 


Contractors Record (London), V. 70, No. 7, 
1959, pp. 22-23 


Roap ABSTRACTS 

Aug. 1959 

A brief description is given of a 
multi-ply thermoplastic material, ‘“Lu- 
brithene.” It can be used between a 
concrete surfacing and the base to re- 
duce friction while the concrete is set- 
ting. It is claimed that it permits a de- 


sign strength of 2500 psi at 28 days, 
without the risk of early uncontrolled 
cracking and thus leads to a saving in 
the amount of cement needed. A reduc- 
tion in the amount of steel reinforce- 
ment and in the number of joints is 
also said to be possible when this mem- 
brane is used. 


Improvement of quality of concrete 
through admixtures (Gutesteigerung 
des Betons durch Zusatzmittel) 
G. Rornrucns and W. WeceEner, Beton, Her- 
stellung, und Verwendung (Diisseldorf), V. 
9, No. 3, Mar. 1959, pp. 73-79 
Reviewed by Ferpinanp S. Rostasy 

The authors describe admixtures 
with respect to their effects and use in 
concrete. They cover: plastifiers, air- 
entraining agents, air-entraining plas- 
tifiers (a combination of the first two, 
but with moderate air-entraining ac- 
tion), sealers (admixed to concrete), 
retarders, accelerators, and admixtures 
to grouts used to fill post-tensioning 
ducts. When special cements (low in 
C,A) are used, admixtures should be 
applied cautiously. 


Aggregate grading by method of 
least squares (in Swedish) 

Ervin Poutsen, Nordisk Betong (Stockholm), 
~ I 


4, No. 1, 1960, pp. 59-67 
Reviewed by MarcARET CORBIN 


Determination of the grading of com- 
binations of different aggregates is 
treated analytically. The square of the 
deviates by weight from a given grad- 
ing should be at minimum (the method 
of least squares). A formula is devel- 
oped and numerical examples pre- 
sented. 


Tuff concretes (in Hungarian) 
J. Usnety1, Magyar Epitéipar, V. 7, No. 10-12, 
1958, pp. 466-473 
HUNGARIAN TECHNICAL ABSTRACTS 
V. 11, No. 3, 1959 


Research has been conducted on the 
production of tuff concretes, their prop- 
erties, and possibilities of use. The ap- 
plicability of the tuff aggregate and the 
attainable strength of the concrete were 
established. Comminution of the aggre- 
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gate, optimal grading, the necessity of 
previous saturation with water, and 
other technological problems of con- 
crete preparation, e.g., heat curing, are 
dealt with in detail as well as the fac- 
tors influencing the characteristics of 
concrete. Primarily the strength, 
weight per unit volume, moldability, 
and resistance to frost must be con- 
sidered, other properties (such as Leat 
insulation) being of secondary impor- 
tance. 


According to full-scale experiments 
a relatively high proportion of fine 
grains (minimum 30 percent of 0-1 
mm size grains) is required but even 
this kind of aggregate must be pre- 
viously saturated with water and mixed 
in a continuous mixer. Tuff concrete 
block may be economically produced 
both in small and in large plants. The 
weight per unit volume of the pro- 
duced tuff concretes is 1400-1600 kg per 
cu m when using 200 kg per cu m of 
portland cement, the 28-day compres- 
sive strength being 100 kg per sq cm. 


Magic memory solves raw mix prob- 
lems 
Leroy W. Weeks, Rock Products, V. 63, No. 4, 
Apr. 1960, pp. 85-89 

A digital computer and linear pro- 
gramming technique is being used by 
a cement company to solve raw mix 
problems. It is expected that use of the 
computer in running mix calculations 
will extend the useful life of the raw 
material deposits and help minimize 
quarrying costs. 


Treating foamed concrete with CO, 
in the manufacture of insulating 
units (Le traitement du beton 
mousse par CO, pour la fabrication 
des elements d’lsolation thermique) 
V. Statanorr and N. Dsaparorr, Revue des 
— (Paris), No. 522, Mar. 1959, pp. 
Reviewed by Pxture L. MELVILLE 

Six different foamed concrete mixes 
were prepared with variable amounts 
or lime, fly ash, and fine sand. Speci- 
men were cured at 25 to 30C and 60 
to 70 percent relative humidity for 
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20 to 44 hr, then immersed in CO, for 
up to 30 hr. Results indicated that the 
resulting concrete was similar to auto- 
claved cured concrete. 


Pavements 


Concrete and soil-cement roads 
W. P. Anprews, Contractor’s Record Limited, 
London, 1960, 157 pp., 30s 

This book gives a summary of new 
information on the design and con- 
struction of concrete roads and of con- 
crete, lean concrete, and soil-cement 
bases for asphalt surfacings. It is based 
primarily on the work in England but 
also gives experience in these forms of 
construction in other countries. The 
book deals with everyday practical 
problems but also gives information on 
the theoretical side of road design. 
Construction details for both manual 
and mechanized processes are given. 
It includes details of special methods, 
such as prestressed concrete, and of 
roads for special purposes, such as con- 
crete farm roads, and gives information 
about the maintenance and repair of 
concrete roads and concrete curbs. 


Some results of recent tests in the 
field of concrete pavement con- 
struction (Einige Ergebnisse aus 
neveren Versuchen fur den Beton- 
Strassenbau) 
G. Wet, Beton, Herstellung, und Verwendung 
(Diisseldorf), V. 9, No. 1, Jan. 1959, pp. 3-12 
Reviewed by Ferpinanp S. Rostasy 
Relates experiences with the German 
autobahnen. A major cause of cracks 
and damage to pavement is frost action. 
Several examples illustrate possibilities 
which might lead to damage. Another 
reason is settlement of subsoil. Min- 
imal pavement thicknesses and the ac- 
tual loads as well as their frequency 
are discussed. Although standard of 
pavement contractors is high, current 
control of concrete quality is essential. 
Several nondestructive methods suit- 
able for this purpose are described. A 
certain concrete strength has to be 
guaranteed, not only because of traffic 
action, but also to withstand thermal 
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stresses. Test results are presented 
which show variation of temperature 
across pavement thickness. “Black-top- 
ping” protects concrete from excessive 
thermal stresses. The influence upon 
formation of surface ice is discussed. 
Finally, the author deals with joints 
and the action of dowels. Sleepers un- 
derneath the joints must be sufficiently 
wide. Photoelastic tests show that pres- 
sure underneath the joint is uniformly 
distributed due to the sleepers. 


Surface failures of concrete pave- 
ments and their repair (in Russian) 
L. I. Goretskir, Avtomatika Dorogi, V. 22, No. 
3, 1959, pp. 22-28 
Roap ABSTRACTS 
Sept. 1959 
The results are summarized of labo- 
ratory experiments carried out from 
1956 to 1958 in which the effect of 
certain additives and treatments was 
investigated in regard to the resistance 
of concrete surface to scaling. Field 
research on the repair of surface dam- 
aged by scaling is discussed. For re- 
pairing damage 0.8 to 2.0 in. deep the 
application of mortars with various 
additives including latex, polyvinyl 
acetate, calcium chloride, and calcium 
nitrate is recommended. For superficial 
damage up to 0.8 in. the saturation of 
the surface with fluosilicate salts of 
magnesium or liquid siliceous com- 
pounds proved to be effective. 


Construction of prestressed concrete 
road surfacing (in Russian) 
I. I. Teryutsku, V. N. FINasHIn, and V. G 
MAIDEL, Avtomatika Dorogi, V. 22, No. 4, 
1959, pp. 7-9 
Roap ABSTRACTS 
Sept. 1959 
An illustrated description is given of 
the design developed by Dormostproekt 
and used in the construction of a 560-ft 
experimental road section in Moscow. 
Slabs measuring 328 x 23 ft and 230 x 
23 ft with a thickness of 6 in., rein- 
forced with 153, 4- and 5-mm rods, 
were laid on bituminized paper over a 
14-in. sand layer. A prestress of 214 
tons was achieved by the use of eight 


angle braces each consisting of metal 
piles 18 ft and 10 ft in length driven 
into the foundation at an angle of 45 
deg. The technique proved to be ef- 
fective with increased economy in con- 
crete and construction costs when 5 to 
8 percent more than design stress was 
applied to allow for movement of the 
supports. 


Post-tensioning for taxiway pave- 
ment 
Contractors and Engineers, V. 56, No. 11, Nov. 
1959, pp. 27-29 

The U.S. Army Corps of Engineers 
have constructed at Biggs Air Force 
Base, El Paso, Tex., a 1550 ft long, 
25 ft wide, 9 in. thick, prestressed 
concrete taxiway. The purpose in using 
a prestressed taxiway is to compare its 
durability, etc., to a 24-in. nonrein- 
forced slab and to a 19-in. reinforced 
slab. 

Construction procedures and prac- 
tices are also given. 


Two home-made machines to cut 
paving cost 
Construction Equipment, V. 21, No. 2, Feb. 
1960, pp. 59-60, 62 

Specifications on this unreinforced 
concrete pavement, 11 in. thick in the 
main line lanes and 9 in. in the service 
roads, called for the insertion of asphalt 
paper transverse joints in the pavement 
every 15 ft. The contractor built a ma- 
chine which automatically inserts the 
paper joints into the fresh concrete 
about as fast as the crew can load it. 
The other contractor-built machine 
handles heavy curb form sections. 


Concrete surfacings under dynamic 
loads (in Russian) 


A. P. Srntrsyn and G. I. Giusuxov, Avtomatika 
Dorogi, V. 22, No. 4, 1959, pp. 25-27 

Roap ABSTRACTS 

Sept. 1959 


The results are recorded of research 
carried out in spring and autumn on 
experimental concrete road sections in 
different climatic regions of the USSR. 
The strength of the surfacing was de- 
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termined by the application of static 
loads at the slab corners. Single- and 
two-layer surfacing with different types 
of joint and reinforcement were tested 
to destruction by a test vehicle travel- 
ling at various speeds with a variable 
load of 30 to 60 tons. Equipment to 
measure load stress and flexure was 
built into the surfacing. A formula is 
presented for relating deformation to 
the number of passes. The most stable 
surfacing under repeated dynamic 
loading proved to be a two-course sur- 
facing on a rigid foundation and a sing- 
le-course surfacing on a sand layer with 
dowel joints and deformed bar rein- 
forcement along the slab edge at the 
joint. 


Montreal-Laurentides superhighway 
(L’autoroute Montreal-Laurentides) 
Ourer Maruievu, L’Ingénieur (Montreal), V. 45, 
No. 178, Summer (June) 1959, pp. 20-28 
Reviewed by Aron L. Mirsky 

General description of Canada’s first 
toll superhighway, a divided-lane, con- 
trolled-access road complete with clo- 
verleafs and all the other amenities of 
modern high-speed throughways. The 
highway runs approximately 28 miles 
from the Boulevard Métropolitain in 
Montreal to St. Jéréme, where it ties 
into Highway 11 serving the Laurentian 
resorts. Article covers history, selection 
of route, right-of-way purchases, de- 
sign and construction, and other phases 
of the project. i 


Development of Gatwick Airport 
FreverickK S. SNow and Norman J. Payne, 
Proceedings, Institution of Civil Engineers 
(London), V. 14 (Session 1958-59), Sept. 1959, 
pp. 43-66 

Reviewed by Aron L. Mirsky 


Gatwick Airport, some 20 miles south 
of and serving London, contains much 
of engineering interest. The structural 
features of the aircraft service depot 
have already been covered in the tech- 
nical literature;* paper under review 
discusses other features, such as the 
reasons for the selection of unrein- 
forced dowelled concrete pavement, 
the design and construction of the pave- 
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ment joints, concrete mix proportions, 
the method of darkening the concrete, 
and concrete testing, as well as many 
features of primarily aeronautical 
interest. 

*e.g., “Structure of Aircraft Service Depot 
at Gatwick for Transair Ltd.,”” W. J. M. Haines 
and A. J. Harris, Proceedings, ICE, V. 12, 
Feb. 1959, pp. 187-196; Current Reviews, ACI 


JOURNAL, V. 31, No. 6, Dec. 1959 (Proceedings, 
V. 56), p. 565. 


Dual-drum paving costs vs. mixing 
time 
Morcan J. Kirpatrick, Public Roads, V. 31, 
No. 1, Apr. 1960, pp. 12-15 
AUTHOR’s SUMMARY 

Skilled paving contractors have con- 
sistently produced portland cement 
concrete in dual-drum pavers with 
controlled mixing time of 45 sec or 
less, including transfer time. The in- 
creased tempo required for operating 
the paver with a short cycle and the 
consequent short mixing time has been 
achieved in part through use of larger 
and faster batch trucks, and in part 
through the contractors’ demonstrated 
awareness of the importance of elimi- 
nating unnecessary delays which con- 
sume valuable production time. 

Monetary savings ranging from 10 
cents to $3 per cu yd of concrete might 
be realized if mixing time specifica- 
tions were reduced to 45 sec from their 
present levels of up to 120 sec. In the 
current highway program, millions of 
dollars might thereby be saved annu- 
ally. 


New runway at Marseilles-Mari- 
gnane airport (in French) 
P. Marre and H. Royer, Travaux (Paris), 
V. 43, No. 294, Apr. 1959, pp. 199-225 
Reviewed by Etienne D. Rotin 
The concrete runways are designed 
for a single 30 ton wheel load at a 
tire pressure of 130 psi. Pavement sec- 
tions are designed on the basis of CBR 
and Westergaard methods. Slabs are 
10 in. thick, cast over % in. thick as- 
phalt impregnated sand overlying the 
base course. Great importance is placed 
on the strength of the % in. layer of 
sand in order to level the surface of 
the base course so as to obtain a uni- 
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form slab thickness and thereby in- 
hibit cracks. It also acts as a seal course. 

Edges of slab are doweled with %-in. 
smooth steel rods every 3 ft but without 
keys. Sawed contraction joints are 4 
the depth of the slab; this was more 
successful in forcing cracks to occur 
at the joints than the 1/6 depth pre- 
viously used. 

A mathematical study of the be- 
havior of joints in concrete pavements 
is included which concludes that maxi- 
mum adherence of slab to base course 
is advisable. 


Precast Concrete 


Block testing 
W. C. Ret, Concrete, V. 67, No. 9, Sept. 1959, 
pp. 20-22, 40, 41 

Plant compression testers enable con- 
crete block manufacturers to check the 
quality of their product during import- 
ant stages of manufacture. Information 
is given on how to use a block testing 
machine, such as preparation of block, 
operation, loading and preloading, rates 
of loading, and other phases of testing 


Rationalization of transport in the 
production of prefabricated ele- 
ments and on the construction site 
(Transport-rationalisierung bei der 
Herstellung von Beton-Bauelemen- 
ten und auf der Baustelle) 
W. TEIcELKAMP, Beton, Herstellung, und Ver- 
wenduna (Diisseldorf), V. 9, No. 2, Feb. 1959, 
pp. 41-51 

Reviewed by Ferpitnanp S. Rostasy 

Deals with the present production of 
prefabricated elements of any kind in 
Germany. The author forecasts a radi- 
cal change in organization of building 
activity if prefabrication is applied on 
“a large scale. As an example the suc- 
cessful use of pavement elements is 
described, 

The viewpoints for rational planning 
in a precast manufacturing plant as 
well as the economic flow and handling 
of the cement, aggregates, and finished 
products are discussed. Special attention 
is paid to transportation within the 
plant. Equipment successfully used is 


described. Loading and transportation 
of the elements to the construction site 
have to be in accordance with the 
placing progress. Placing equipment is 
described for several kinds of projects. 


Prestressed slabs are slip-formed 
Contractors and Engineers, V. 56, No. 11, 
Nov. 1959, pp. 44-46 

This unique casting machine turns 
out hollow core prestressed precast floor 
and roof units by employing the slip- 
form technique. 

A traveling gantry deposits three dif- 
ferent layers of zero slump mixes as it 
moves along 328-ft casting beds. As the 
concrete is layed in position, core holes 
are formed by 6 ft long tubes that are 
pushed through the concrete by the 
same gantry. After curing, concrete 
saws cut the continuous slab to desired 
lengths. 


Making spun concrete columns 
International Civil Engineer & Contractor 
(London), V. 11, No. 3, May-June 1959, pp. 
56-60 
Reviewed by F. F. Gautp 

An account of the manufacture of 
centrifugally cast concrete lighting 
standards in Great Britain. The article 
gives short descriptions of the various 
stages of manufacture and emphasizes 
the superiority of this method for pro- 
ducing high density concrete. Simu- 
lated traffic impact test showed the 
prestressed columns to be at least the 
equal of conventional reinforced con- 
crete units. 


Non-steel cylinder prestressed con- 
crete pipes 
S. R. Hussarp, Proceedings, ASCE, V. 85, PL 
3, Oct. 1959, pp. 29-46 

Noncylinder prestressed concrete pipe 
(pipe manufactured without the use of 
a steel cylinder membrane) will, if 
properly designed serve indefinitely. If 
concrete bells and spigots are provided, 
there will be little possibility of corro- 
sion since there is no exposed metal. 

Prestressing of the pipe must be done 
in such a way that safe values of con- 
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crete stresses are not exceeded. The 
procedures outlined here take time val- 
ues and accompanying stress losses into 
account. Nomograms are included for 
computing stresses due to external 
loads. 


Prestressed Concrete 


Prison cell block built of prestressed 
concrete 
Contractors and Engineers, V. 56, No. 11, 
Nov. 1959, pp. 82-84 

The state prison at Carson City, Nev., 
has recently added a two-story maxi- 
mum security cell block to its grounds. 

The walls, roof, and floor were pre- 
cast and prestressed 220 miles away 
and then hauled by truck to the work 
site. The advantages of this procedure 
were the rapid rate of erection and the 
minimum of construction personnel and 
equipment. 


Optimum dimensions for prestressed 
concrete sections (Dimensionamien- 
to optimo de secciones de hormigon 
pretensado) 
Jose Maria UrcELAy, Bulletin No. 193, Insti- 
tuto Técnico de la Construccion y del Ce- 
mento (Madrid), 1958, 100 pp 
Reviewed by Rocer D1az pe Cossio 

Based on a rather complicated stress- 
strain curve for the concrete in com- 
pression obtained by Torroja, and on 
the usual assumptions of linearity of 
strains and no tension in the concrete 
in flexure, the author obtains expres- 
sions and graphs for the most econom- 
ical I-sections of prestressed concrete 
with and without unprestressed steel. 
The presentation is interesting because 
a factor of safety is explicitly consid- 
ered. Only the conditions for pure 
flexure are obtained. 


Prestressed steel beams (in Dutch) 
A. Dosruszkes, Cement (Amsterdam), V. 11: 
No. 4, Aug. 1959, pp. 381-386; No. 5, Oct. 1959, 
pp. 449-459 
Reviewed by Joun W. T. Van Erp 
Standard wide flange steel beams are 
deflected under a vertical load and the 
tension flange is then encased in con- 
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crete. After taking off the load a pre- 
stressed beam results with considerably 
increased stiffness, about 1% times 
greater than the original steel beam. 
These beams, named Preflex, employ 
high strength steels and are used pri- 
marily in conjunction with concrete 
columns. Beam design methods are 
given, including those for a continuous 
multistory frame. Examples of actual 
structures are shown such as buildings, 
bridges, and viaducts, demonstrating 
speed of erection and the reduced con- 
struction height. 


1,850,000-gal. oil storage tank of 
prestressed concrete (in Norwegian) 


E. KaLHauce and Ro.r Otsen, Betongen Idag 
(Oslo), No. 3, 1958, pp. 69-74 


Reviewed by ANTON HESSELBERG 


The tank, built for a cement plant, 
is the first large oil storage tank of 
prestressed concrete, built according to 
the Freysinnet system, in Norway. In 
use since March, 1957, it has shown no 
signs of leakage. The foundation con- 
sists of ordinary reinforced concrete. 
The walls of the tank are prestressed 
horizontally with cables, vertically with 
bars. The top and bottom of the tank 
have ordinary reinforcing except for 
prestressing cables in the edge beams. 
The tank is isolated from the founda- 
tion with asphalt, asphalt paper, and 
a 2-in. Tresonite plate (woodwool). 


Development of specifications for 
post-tensioned prestressed concrete 
(in Spanish) 


Luts A. Prerri-LAvige and FINN FREDRIKSON, 
Revista del Colegio de Ingenieros de Venezu- 
ela (Caracas), No. 270, Sept. 1958, pp. 4-7 


Reviewed by Joseru J. WADDELL 


These specifications embody the de- 
sign and use of post-tensioned concrete 
for all types of structures. They are 
divided into six general sections: (1) 
contents; (2) definitions, including 
forces and losses; (3) materials, steel 
tendons (including wires, alloy steel 
bars, and strand) and _ anchorages, 
(joints in tendons, grouting, reinforcing 
steel, and concrete); (4) design stresses 
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in steel and concrete; (5) design details; 
and (6) construction. 

Reference is made to the recom- 
mended practices of ACI, and the ACI- 
ASCE Committee 323 report to fill out 
details not spelled out in these specifi- 
cations. 


Properties of Concrete 


Investigation into the relationship 
between the transverse strength and 
the compressive strength of cement 
mortar 
M. F. Kaptan, Bulletin No. 17, National Build- 
ing Research Institute, Pretoria, Mar. 1959 
Reviewed by D. G. Norman 
Object was a new standard cement 
test. Correlation was good. Transverse 
strength is proportional to the 2/3 
power of compressive strength and the 
proposed new test would record changes 
of over 150 psi of equivalent compres- 
sive strength. 


Effect of the clinker minerals of 
portland cement on the properties of 
steam-treated concretes (in German) 


SIEGFRIED RernsporF, Silikattechnik 
V. 10, No. 5, 1959, pp. 260-265 

CERAMIC ABSTRACTS 

Mar. 1960 


Author investigated the composition 
and properties necessary in portland 
cements to obtain high strength under 
hydrothermal treatment. Alumina ce- 
ments are particularly suitable for the 
steam treatment of concrete. The C,A 
content of the clinker should be 10 t 
15 percent with 5 to 7.5 percent SO 
The proportion of C;S in the basic sili- 
cate mix should be at least three times 
the C.S content. Cements with a ratio 
of C;S: C.S of 6.0 gave favorable results. 
The lime ratio of the cements should be 
high for the best results. Free lime in 
the concrete was found to be harmless 
and the C,AF content of the clinker 
did not affect the early strength of 
steam treated concretes. The cements 
should be ground fine, with a residue of 
1.5 to 3.0 percent on 0.09 mesh (DIN 
1171). The addition of fine quartz meal 


(Berlin), 
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or blast-furnace slag to portland ce- 
ments resulted in lower strengths. Re- 
grinding of commercial cement in a 
vibrating mill with the addition of 
crude gypsum produces an excellent 
binder for steam treated concrete. Sav- 
ings in production time and cement of 
increased strength can be obtained. 


Variation in the strength of portland 
cement 
P. J. F. Wricut, Cement, Lime, 


(Birmingham, England), V. 34, No. 8, 
pp. 224-227 


and Gravel 
1959, 


CERAMIC ABSTRACTS 
Mar. 1960 
Variations in a single batch arise 
from unknown experimental errors in 
making and testing the specimens. Data 
are given on standard deviations in 
compressive strength for (1) a single 
batch at different ages, (2) different 
batches from one plant, (3) batches 
delivered over periods of 4 months and 
longer, and (4) cements produced by 
different plants. If the variation be 
tween batches from one plant could 
be reduced, less cement would be re- 
quired to produce a concrete of speci 
fied minimum strength. 


What do we know about plastic de- 
formation and creep of concrete? 

R. L’Hermire, RILEM Bulletin (Paris), No. 1, 
New Series, Mar. 1959, pp. 21-51 

An analysis and appraisal of 100 
technical articles on creep appearing 
over the past 40 years augmented by 
the author’s experimental work span- 
ning 20 years and still in progress. Ef- 
fects of composition of the concrete, 
method of conservation, volume under 
stress, age, and the magnitude and du- 
ration of loading and unloading are 
considered as well as creep under dif- 
ferent stress conditions. 

Among other conclusions author 
states that creep is an hydro-constric- 
tive phenomenon dependent on move- 
ment of water and is co-variant with 
shrinkage. Deformation tends toward 
a value proportional to the stress with 
a minimum corresponding to shrink- 
age. Deformation is thought to follow 
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a law similar to that for viscosity. Rate 
of creep appears to decrease propor- 
tionally as the volume required in- 
creases. 


Torsional vibrational experiments on 
rectangular concrete beams 
R. BERENBAUM and I. Bropre, British Journal 
of Applied Physics (London), V. 10, No. 6, 
1959, pp. 281-287 
Roap ABSTRACTS 
Sept. 1959 
Three methods of measuring the ten- 
sile strengths of brittle materials in- 
cluding samples prepared from cement 
are investigated and compared with the 
conventional pulling method. The re- 
sults obtained by the indentation test 
and the test in which discs are com- 
pressed diametrally, differed consider- 
ably from those of the bending test. 
The discrepancy is attributed to the 
sensitivity of the bending test to sur 
face conditions. 


Perlite concrete—Density and com- 
pressive strength in relation to mix 
proportions and methods of curing 
F. A. Buiaxey and E. N. Marrtison, Report No. 
C311-1, Division of Building Research, Com- 
monwealth Scientific and Industrial Research 
Organization, Melbourne, 1958, 26 pp. 
BRI ABsTRACTS 
June 1959 
The effect of four different curing 
treatments on the compressive strength 
and density of perlite concretes of dif- 
fering mix proportions was studied. 
Results show that the strength and den- 
sity of the concrete decreases with in- 
creasing perlite content and with the 
use of air entrainment. Unexpectedly 
low strengths were obtained with con- 
crete cured in high pressure steam, and 
possible explanations for this behavior 
are noted. 


Lime separation on concrete surfaces 
(Kalkausscheidungen auf Betonsich- 
tflachen) 
A. Menke, Beton, Herstellung, und Verwen- 
dung (Diisseldorf), V. 9, No. 7, July 1959 
Reviewed by FeErpinanp S. Rostasy 
Separation of lime occurs predomi- 
nantly in the cold season during which 
hydration progresses slower, evapora- 
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tion of water slows down, and water 
from outside sources (rain etc.) may 
get in contact with the green concrete 
and for a long time. The concrete sur- 
faces have to be protected against out- 
side water. Prefabricated elements 
should at early age be stored in dry 
places. Spots due to lime separation are 
suitably and easily removed by scrub- 
bing off. Acid removal should be ap- 
plied with great care. 


Structural Research 


Testing model concrete barrel shells 
P. C. VarGHEsE, Indian Concrete Journal 
(Bombay), V. 33, No. 12, Dec. 1959, pp. 447-449 
AUTHOR’s SUMMARY 
Briefly describes the making and 
testing of a model of a barrel shell at 
the Indian Institute of Technology, 
Kharagpur. Charts compare the values 
of stresses obtained in the tests with 
theoretical values obtained by compu- 
tation. 


Concrete beams with tension and 
compression steel (Vigas de hormi- 
gon con armadura traccionada y 
comprimida) 
AaRON Hetrcot, Reprint from Construcciones 
Magazine (Buenos Aires), No. 153 and 154, 
1958, 22 pp 
Reviewed by Rocer Draz pe Cossio 

A rather complete and comprehen- 
sive report on some tests made at the 
laboratory of the Ministry of Public 
Works, Province of Buenos Aires. Six- 
teen beams were tested under short- 
time, two-point load. The variables 
considered were: tension and compres- 
sion steel percentages, type of steel 
(cold worked twisted without hooks, 
and plain bars with hooks), and stirrup 
spacing. Some studies were made on the 
relative bond values of the two types 
of steel used. It was found that, insofar 
as strength was concerned, either ordi- 
nary or high strength steel of equiva- 
lent area can be used, and that com- 
pressive steel adds very little to the 
ultimate strength. When using high 
strength steel without a definite yield 
point the cracks were more evenly 
spaced. 
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Experimental flat plate structure of 
expanded shale concrete 
Constructional Review (Sydney), V. 33, No. 
2, Feb. 1960, pp. 22-29 

Describes a test structure and the 
experimental program for a flat plate 
of expanded shale concrete built by 
the Division of Building Research, 
Commonwealth Scientific and Indus- 
trial Research Organization of Austra- 
lia. 


Encased steel stanchions and BS 449 
R. F. Stevens, Engineering (London), V. 188, 
No. 4879, Oct. 23, 1959, pp. 376-377 

Reviewed by Aron L. Mirsky 

The 1959 edition of British Standard 
449, “The Use of Structural Steel in 
Building,” permits inclusion of the con- 
crete encasement in calculating allow- 
able loads on encased (fire protected) 
steel columns, with the allowable stress 
in the concrete assumed to be 1/30 that 
in the steel. Tests on full-size columns,* 
loaded axially or eccentrically, at the 
Building Research Station produced re- 
sults which justify this; for certain ec- 
centrically-loaded columns the new 
specification is well on the conservative 
side. 

*For comments on the 1955 draft version 
and results of tests on small-size columns, see 
“Strength of Encased Steel Stanchions,” F. G. 
Thomas, Engineering, V. 180, No. 4688, Dec. 2, 
1955, pp. 759-760; Current Reviews, ACI Jour- 


NAL, V. 27, No. 8, Apr. 1956 (Proceedings V 
52), p. 911. 


Structures of aluminous concrete 
(in Hungarian) 
E. Béutcsker and K. Szata1, Magyar Epitépar, 
’. 7, No. 10-12, 1958, pp. 474-477 
HUNGARIAN TECHNICAL ABSTRACTS 
V. 11, No. 3, 1959 


The utilization of aluminous concrete 
spread rapidly throughout the country 
between 1920 and 1930 because 1 or 2 
days after placing, the structures made 
of this material developed an adequate 
load-bearing capacity. Rapid deteriora- 
tion of these buildings became appar- 
ent after the war and investigations 
were conducted to find the causes of 
this phenomenon. 

According to expert opinion the 
strength of aluminous concrete after 
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having attained a maximum decreases 
slowly and gradually, especially if ex- 
posed continuously or for extended pe- 
riods to high temperatures. The ulti- 
mate moments of rectangular and T- 
shaped cross sections made of concrete 
with aluminous cements were found to 
be lower by 14 and 4 percent, respec- 
tively, than that of specimens made of 
grade “B 140” concrete. Compared to 
the ultimate strength of the same con- 
crete the load-bearing capacity of com- 
pressed columns is lower by 48 percent 
while the average surface bond strength 
was as low as 4.91 kg per sq cm. This 
reduction in the load-bearing capacity 
of the columns endangers the stability 
of the structures. A similar reduction 
may also be expected in structures sub- 
ject to bending. A survey and regis- 
tering of all structures made of alumi- 
nous concrete, observations of further 
deterioration, a more accurate deter- 
mination of the quality of the concrete, 
and the strengthening of weakened col- 
umns are proposed. 


General 


Buying and specifying handbook 
Building Construction Illustrated, V. 29, No. 
4, Apr. 1960, pp. 7-116 

In this issue many standard features 
have been omitted and the editors have 
assembled in compact form, certain 
construction information frequently 
wanted and frequently used. This data 
was selected to assist busy architects 
and contractors who appreciate tabu- 
lated information relative to building 
methods, materials, costs, etc. The fol- 
lowing methods, materials, or applica- 
tions are covered: below grade, fram- 
ing, floor and roof systems, walls and 
partitions, reinforcing, water and vapor 
control, insulation, chimneys and fire- 
places, building products, interior fin- 
ishes, materials characteristics, build- 
ing costs, and construction tools and 
equipment. 

Each section is generally prefaced by 
introductory or explanatory material. 
This is followed by typical details and 
useful tables or charts. 
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Glossary of electronic computer 
terminology 
ASCE go Division Committee on In- 
creasin ighway Engineering Productivity, 
Proceedings, ASCE, V. 85, HW 4, Dec. 1959, 
pp. 89-127 

This glossary which covers approxi- 
mately 350 commonly used terms, pro- 
vides a working knowledge of computer 
terminology both for the engineer di- 
rectly concerned with computer pro- 
gram development and for those whose 
work requires a more general under- 
standing of the terms peculiar to this 
rapidly developing field. 


On various problems of geometry 
connected with the study of con- 
tinuous media (Sur diverses ques- 
tions de geometrie se rattachant a 
l'etude des milieux continus) 

ANDRE CHARRUEAU, Annales des Ponts et 


Chaussées (Paris), V. 129, No. 4, July-Aug. 
1959, pp. 375-390 


Reviewed by Aron L. Mirsky 

Demonstrates certain properties of 

surfaces and congruences of straight 

lines linked to the stress tensor, and 

then states (without proof) the appli- 

cation of these to more general prob- 
lems. 


On shock waves (Sur les ondes de 
choc) 
ANDRE CHARRUEAU, Annales des Ponts et 
Chaussées (Paris), V. 129, No. 5, Sept.-Oct. 
1959, pp. 497-549 
Reviewed by Aron L. Mirsky 
Highly mathematical study of the 
geometrical and kinematic transforma- 
tions experienced by a continuous me- 
dium (which may be heterogeneous 
and anisotropic) traversed by a shock 
wave. An appendix contains additional 
material on the formulas (in matrix 
form) used in the study. There is a 
brief but well-arranged bibliography. 


Architectural rendering: The tech- 
niques of contemporary presentation 
ALBERT O. Hatse, F. W. Dodge Corp., New 
York, 1960, 277 pp., $15.75 

Explains and illustrates present day 
techniques and media in architectural 
rendering. Every aspect of rendering 
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receives attention here: interiors, ex- 
teriors, nature; perspective, lighting, 
reflections, textures; all of the media 
in detail; how to buy materials, and 
how and when to use them; profes- 
sional tricks of the trade. 


Comprehensive, detailed chapters 
cover graphite pencil, carbon pencil, 
lithographic pencil, pen and_ ink, 
smudge charcoal, Chinese ink, water 
color, tempera, airbrush, pastels, and 
combinations of media. Other sections 
contain a history of rendering, a study 
of color and light, and basic informa- 
tion applicable to all rendering, mak- 
ing the book encyclopedic in scope. 
Many exercises guide the user in tech- 
niques, while examples and detailed 
analyses of renderings in each medium 
give him access to expert solutions of 
a variety of problems. 


On site precasting 
Concrete Construction, V. 4, No. 7, July 1959, 
pp. 6-8 

Describes on the site precasting of 
slabs and piles for a 9% mile seawall. 
Slabs were cast at the rate of 50 a day 
and employed steel forms. This on the 
site casting reduced the cost of wall 
from $40 per lineal ft to $16 per lineal 
ft. 


Swiss achievements 
The Engineer (London), Supplement to V. 
207, No. 5395, June 19, 1959, 32 pp.; also V 
207, No. 5396, June 26, 1959, p. 970 
Reviewed by Aron L. MIRsSKy 

This supplement, a capsule (king- 
sized, through) review of Swiss history, 
achievements, current projects and ma- 
jor industrial plants, although aimed 
particularly at mechanical engineers, 
contains much of interest to civils: 
descriptions of the Grande Dixence 
scheme and the modified concreting 
procedure for the dam, the Hinterrhein 
scheme* and the Valle di Lei dam, and 
several concrete bridges, including the 
Weinland highway bridge. 








*cf Oskar Sporri, “Hydroelectric Harness- 


ing of the Posterior Rhine” (in French), Le 
Génie Civil, V. 136, No. 7, Apr. 1, 1959, pp. 
149-158; Current Reviews, ACI Journa., V. 31, 
No. 11, May 1960 (Proceedings V. 56), p. 1196. 
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Taking the Institute 
to the Members 


In Octoser, 1948, the Board of Direction ap- 
proved the report of a special committee on 
long-range planning which had studied ACI 
progress long and thoughtfully. Among the 
eight goals to be attained was the “development 
of a policy of taking the Institute to the mem- 
bers, such as by increasing the number of re- 
gional meetings and the holding of local con- 
ferences.” Actually only one regional meeting, 
on a trial basis, had been held up to that time 
but in furtherance of this goal annual regional 
meetings have been held in 12 cities in the 
United States, Canada, and Mexico. From an 
initial attendance of about 100 in Birmingham in 
1947, these meetings have grown in size; Mont- 
real in 1956 drew 486 and Detroit in 1958 at- 
tracted 559 in connection with dedication of the 
ACI Headquarters Building. 

The practice of taking ACI to the members 
was further extended in 1954 by the addition 
of a technical director to the ACI staff. He 
arranges local conferences on problems related 
to concrete and spends much time on the road 
during the winter attending and speaking at 
these meetings. 

Most recent — and probably most effective — 
development arises from the desire of an active 
group of members in California for a greater 
exchange of technical information than was 
then possible. True, there had been unofficial 
local ACI groups which met sporadically and 
finally faded away. California members wanted 
something more permanent — more closely tied 
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to the national organization. Conse- 
quently, at the fall 1956 Board meeting 
a formal proposal for regional organi- 
zation was presented by a group headed 
by Henry M. Layne and Samuel Hobbs. 
There being no formal provision in the 
ACI Bylaws for chapters, this group 
was authorized to set up and operate a 
provisional chapter. Official recognition 
as the first ACI Chapter was given to 
the Southern California Chapter upon 
adoption of revision of the Institute 
Bylaws at the February, 1958, conven- 
tion. 

In a short time two additional chap- 
ters, Northern California and Oklaho- 
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ma were approved. After an informal 
trial period of about a year, Michigan 
members in 1960 applied for chapter 
recognition and in March officially 
became the fourth chapter. Currently 
there is considerable interest by an 
eastern group and one in Canada in 
chapter organization. 

Over a period of 4 years the chapter 
idea has proved to be an important 
factor in stimulating and maintaining 
interest in improving concrete tech- 
nology and practice. It’s extension to 
additional local areas is a logical de- 
velopment which Institute officers and 
staff stand ready to assist. 





ACI technical committee 
appointments 


Listed below are committee members 
who have recently accepted appoint- 
ment to ACI technical committees. In- 
cluded are new appointments only. 
Committee 115, Research 

James L. Sawyer 


Lone Star Cement Corp. 
Hudson, N. Y. 


Committee 201, Durability of Concrete in 
Service 


Harry H. McLean 

State of New York Department of 
Public Works 

Albany, N. Y. 

Thomas J. Reading 

Missouri River Division 

Corps of Engineers 

Omaha, Neb. 

Joseph J. Waddell 

Knoerle, Graef, Bender and Associ- 
ates, Inc. 

Chicago, IIl. 


Committee 325, Structural Design of Con- 
crete Pavements for Highways and Airpcrts 


L. D. Childs 

Portland Cement Association 
Skokie, III. 

W. T. Spencer 

State Highway Department of 
Indiana 

Indianapolis, Ind. 


W.M. Stingely 
Kansas State Highway Commission 
Topeka, Kan. 


Committee 331, Structures of Concrete Ma- 
sonry units 


J. H. MacDonald 

Supercrete Limited 

St. Boniface, Manitoba, Canada 
Harry Mitchell 

Spartanburg Concrete Co., Inc. 
Spartanburg, S. C. 

O. Neil Olson 

Marquette University 
Milwaukee, Wis. 

Thomas J. Reading 

Missouri River Division 
Corps of Engineers 

Omaha, Neb. 

Edwin L. Saxer 

University of Toledo 

Toledo, Ohio 

Walter Washington 

Summer Sollitt Co. 

Chicago, Ill. 


Committee 333, Design and Construction of 
Composite Structures—Joint ACI-ASCE 
George C. Driscoll, Jr. 
Lehigh University 
Bethlehem, Pa. 


Committee 336, Combined Footings 
S. V. DeSimone 
Moran, Proctor, Mueser and Rutledge 
New York, N. Y. 
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William C. Siler 

Jackson and Moreland, Inc. 
Boston, Mass. 

Ingvar Schousboe 

Civil Engineer 

Crystal Lake, IIl. 


Committee 402, Concrete Floor Finishes 
Herbert K. Cook 
The Master Builders Co. 
Cleveland, Ohio 


Committee 505, Design and Construction of 
Reinforced Concrete Chimneys 


Nelson M. Isada 
University of Buffalo 
Buffalo, N. Y. 


Committee 609, Consolidation of Concrete 
R. W. Thornburg 
Blaw-Knox Co. 
Mattoon, II. 


Committee 714, Concrete Bins and Silos 
Edward D. Baxter 
A. E. Baxter Engineering Co. 
Buffalo, N. Y. 


McGinnis to represent ACI 
on graphic arts committee 


Howard J. McGinnis, Structural and 
Railways Bureau, Portland Cement As- 
sociation, Chicago, is serving as ACI 
representative on the Task Group on 
Building Facilities, Committee on Engi- 
neering and Materials Handling, Re- 
search and Engineering Council, of 
Graphic Arts Industry, Inc., which was 
organized to develop recommended 
practices for flooring in graphic arts 
plants. 

Mr. McGinnis is currently chairman 
of ACI Committee 402, Concrete Floor 
Finishes, and a member of ACI Com- 
mittee 401, Specifications for Structural 
Concrete. 


ACI cooperates in thin shell 
lectures in Cambridge 

Over 100 engineers from the Boston- 
Springfield-Providence area have at- 
tended a series of twice-weekly lec- 


tures on the analysis and design of thin 
shell roofs, sponsored by ACI and Sum- 
ner Schein, architect and engineer. The 
lectures were held in Cambridge, Mass., 
beginning on March 23 and running 
through May 25. 

Among the topics discussed were: 
membrane and bending analysis of 
domes, cylindrical shells, conoids, hy- 
perbolic paraboloids, and arbitrary sur- 
faces, folded plate roofs; ultimate 
strength design of shells; and computer 
analysis of shells. 

The lectures were given by Howard 
Simpson, member of the consulting 
firm of Simpson, Gumpertz and Heger, 
Cambridge. Dr. Simpson recently re- 
signed his position as associate pro- 
fessor of structural engineering at Mass- 
achusetts Institute of Technology to 
devote full time to his consulting 
practice. 


Dean Kerekes awarded 
ASCE life membership 


ACI past president Frank Kerekes, 
dean of the faculty, Michigan College 
of Mining and Technology, Houghton, 
has been awarded a life Membership 
certificate in the American Society of 
Civil Engineers. The presentation was 
made at a special meeting held May 13 
in Houghton, Mich. 

This represents only one of many 
awards bestowed on Dean Kerekes in 
recognition of his contributions to the 
field of engineering. He has devoted 
his life to education and engineering. 
He served 34 years on the civil engi- 
neering faculty at Iowa State Univer- 
sity, Ames, and advanced to assistant 
dean of engineering before taking over 
his present role at Michigan College of 
Mining and Technology. 

An ACI member since 1938, Dean 
Kerekes has served the Institute in 
many capacities on executive and tech- 
nical committees. He was president of 
the Institute in 1956 and is currently a 
member of Committee 318, Standard 
Building Code, of which he was chair- 
man, 1950-56. 



















2000 A. D.- 


WHOLE TOWNS DELIVERED BY AIR, 
large buildings transported by rocket, 
cities that are disposable, the growth of 
14 megalopolises in the United States, 
houses shipped C9.D., and “seed” 
structures that blossom into huge 
buildings 

These are some of the marvels fore- 
seen for the world of 2000 A. D. 

What will it be like? There are as 
many predictions as there are pre- 
dictors — a range from the wildly 
fantastic to ultraconservative. 

Age of the megalopolis 

Webster defines megalopolis as “a 
very large city.” Megalopolises will be 
one of the most striking characteristics 





This article was abstracted from This Earth, 
Permanente Cement and Kaiser Gypsum 
Companies, V. 12, No. 1, Jan. 1959 
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Construction Challenge 


of the final quarter of this century. 

There will be 14 of them in the 
United States. Some will be as much 
as 600 miles long and 100-200 miles 
wide. Already they are taking shape 

A typical one extends 450 miles from 
Boston to Washington, D. C. Most, nat- 
urally, will be in the East. There will 
be four in the West. Small ones around 
Denver and Salt Lake City; big ones 
running from Seattle to Salem, from 
Sacramento to San Diego. 

Strip city is a name which has been 
attached to this phenomenon. 

The cities of today won’t disappear 
because of this, they will actually be- 
come the cultural, economic, and com- 
mercial centers of the “strips”. The 
accompanying drawing illustrates many 
of the future-city characteristics of this 
“heart” of the megalopolis. 
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PICTORIAL impression of the city of the future is a composite embodying many of the building 
designs and patterns of work and leisure which will be commonplace by 2000 A.D. Industrial plants 
(1) will be clean, attractive and occupy designated areas on the fringe of the city. Flying platforms, 
or “saucers,” will have a key role in personal transportation and in the construction industry. One 
function will be air delivery of factory-built homes (2). Structures with related purposes will be 
grouped in circular patterns. One of the city’s business centers is depicted at upper left (3). 
Orderliness, beauty, landscaping are the keynotes. 


_ One trend in housing will be inexpensive, concrete row housing (4) which will emphasize livability, 
privacy, and surrounding parks. Sports will be a vital part of man’s expanded leisure time. Facilities 
will be expansive and close-in to the city-heart. Multi-purpose stadia will have retractable roofs (5) 
and will be adjoined by participator-sports facilities (6). Flying platforms wi!! also be used to deliver 
giant precast building sections (7) from factory to site. Near a large public hospital (8), excavation 
work for the foundation of a new building (9) is carried on by an automatic excavator. Earth is 
carried by conveyor to waiting train of huge earth moving buggies. Surface transportation within 
the city will be by suspended monorail trains. Monorail stations (10) will be concrete bubble domes. 


Culture and government will hold forth in the center of the city — again with the buildings 
arranged in a circular pattern. In the outer ring will be a heliport (11) for arriving and departing 
airport passengers. To its left is an auxiliary structure (12) which is being finished with a poured- 
in-place structural gypsum roof. Next is a sprawling communications center (13) which handles the 
city’s telephone operations, as well as housing all the radio and television stations. A ball-shaped 
recreation center (14) is topped with a glass-enclosed public swimming pool. Behind it, a towering 
slip-form structure is under construction (15). Concrete is being delivered to the job by special flying 
platforms. 


Near the structure’s base, a passenger , .tform (16) is about to land in one of the mid-building 
“ports” of the governmental center (17)— the core of the city heart. This intricate network of four 
curved office buildings forming a broken circle around a barrel-like central building houses all the 
metropolis’ governmental operations — municipal, state and federal. The struts connecting the buildings 
are enclosed walkways. Topping the circular building (18) is the center’s own heliport. To the right 
rear of the governmental center is a solar power plant (19) which supplements the city’s nuclear 
power supply. Other buildings comprising the city heart are a concrete geodesic dome civic auditorium 
(20); a library and science museum (21); a theater (22); restaurant (23); and art museum (24). Cutaway 
section in foreground reveals some of the city’s underground facilities: parking garage (25); train 
station (26); nuclear power plant (27); water purification and re-circulation plant (28), which enables 
city to re-use indefinitely the same water; and a sewage disposal plant (29). 


Structures of tomorrow ert, and mountain areas. In addition, 
The predictions of R. Buckminster he will be occupying large areas of the 
Fuller, developer of the geodesic dome, °°©@” floor. oR 
holds special interest: “Rocketry of large buildings, explo- 
sively transforming into full size and 
operable conditions at the target, will 
be commonplace. Air deliveries of 
developing both of the polar regions as_ whole towns by parachute drop will 
well as all the now-hostile tropic, des- be a usual occurrence.” 


“Structural accomplishment by 1975 
will find man occupying, mining, and 
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Construction’s key to tomorrow: 
Prefabrication and automation 

Construction will be “big business,” 
will be widely conducted on an assem- 
bly-line basis; annual volume will ex- 
ceed $100 billion a year. 

The future of heavy construction can 
already be seen in the well established 
trends toward more speed and economy 
to fabrication and radical new uses of 
materials. 

The construction industry already has 
put to work the modern marvels of 
cybernetics, aviation, television, elec- 
tronics, atomic physics, and automation. 

But these are the “Model-T’s” of 
tomorrow. What will they lead to by 
this century’s end? The experts are 
broadly unanimous: 

@ Real manual labor—hand crafts- 
manship in construction—will be vir- 
tually banished. 

@ Structures will be assembled—not 
built piece-meal on site—in large sec- 
tions molded in prefabricating yards. 

e@ The big jobs—excavating, paving, 
lifting, moving—will be done by giant 
machines. Functions will be combined. 

@ Engineering advances and mate- 
rials technology will permit tremend- 
ous flexibility and freedom of imagina- 
tion in design. 

@ Projects of a size and complexity 
unknown today will be on the books. 


The machines 


Interesting developments in the ap- 
plication of machinery to construction 
are due. It is likely that full scale 
mechanization will bring on a new look, 
both inside and outside the construc- 
tion industry. 

If prefabrication is to be the order 
of the day, as the experts claim, then 
there must develop a far more organ- 
ized and standardized construction in- 
dustry. It’s likely that the building 
industry will develop to the point that 
it can truely call itself an industry in 
the same sense as do today’s auto- 
mobile manufacturers. Bigness — cor- 
porate giantism—will become a neces- 
sity, steming from the huge investments 





CONCRETE INSTITUTE July 1960 


that will be required to establish 
research, development, production, and 
distribution of prefabricated homes and 
buildings. 

The major components of homes and 
commercial buildings will come off 
assembly lines just as cars do today. 
Partitions, floors, curtain walls, struc- 
tural members, roofs, and utility serv- 
ice cores will be factory produced. 

Assembly on the site will have pro- 
gressed to a point of mechanization 
where large repetitive jobs, such as 
curtain wall placement, will be per- 
formed by automatic machines directed 
by operators from control stations. 


Methods and materials 


It’s a good bet that most of the basic 
materials of today will be much in 
evidence in 2000 A. D., but in hundreds 
of new forms, shapes, combinations, 
and refinements. 

Some engineers believe that the port- 
land cement industry will, before the 
century closes, have developed a radi- 
cally new product to create concrete- 
like structures with higher tensile, 
plastic-like strength. This new concrete 
would expand and contract less with 
temperature changes and offer great 
durability. 

Of whatever chemistry, concrete will 
really come into its own by 2000 A. D. 

Prestressed concrete will lead the 
way. Arthur Anderson of Tacoma’s 
Concrete Technology Corp. noted that 
“in establishing the criteria for an 
ideal material of construction we seek 
something that is: strong and durable, 
economical, fireproof, corrosion-resist- 
ant, rot-and-termite proof, readily 
available, easily molded into a variety 
of forms, and architecturally satisfying. 

“After consideration of all currently 
known materials on all eight qualities 
above, prestressed concrete obviously 
scores highest.” Dr. Anderson also pre- 
dicted concrete strengths will advance 
to 15,000 psi. 

Professor T. Y. Lin of the University 
of California feels that prestressed con- 
crete will become increasingly useful 
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proof of performance makes 


TECHKOTE AIR METER 


the world’s leader 





The TECHKOTE AIR METER gives by far the most 


dependable accuracy obtainable 


and does it for the reason 





that the unit itself is precision-built from start to finish. The 
extremely close tolerances combined with rugged construc- 
tion assures long lasting accuracy both in the laboratory and 
field. Simplified design makes for quick operation and easy 


maintenance. 


TECHEOTE AMR merTER 


NOMOGRAPH 
The Air Meter combined with 
the outstanding and exclusive 
TECHKOTE NOMOGRAPH 
gives a highly diversified and 
complete concrete engineering unit. 
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Darex Diary 


Member, American Concrete Institute 
Technical Service Manager, Construction Products 
W.R. GRACE & CO. 

Dewey and Almy Chemical Division 


by Mel Prior 


(No. 19 of a series) 











AVAILABLE MATERIALS FOR CONCRETE FLOOR REPAIR 


Frequently I am asked if there is 
any simple way to repair concrete floors or 
change the grade for drainage purposes. 
There is no simple method of accomplishing 
this, but there are materials available which 
make the job easier and more certain of 
success. These materials may be divided 


into two general classes. 


One class is the epoxy resins. This mate- 
rial is not used as an admixture, but as a 
bonding or surfacing type applied directly 
to the surface requiring repair. It is fur- 
nished as a two component material which 
combined in proper proportions, results in 
an extremely strong bonding agent in a 
matter of minutes. Since the pot life of 
this material is limited, it must be made 
in relatively small batches and used imme- 
diately. Some successful applications have 
been made using bulk quantities on a 
large scale, but at the present time the 
high cost of epoxy has been a deterrent 


to its use. 


A second class of material, the emulsion 
types of bonding agents, may be subdivided 
into two classes: (1) natural and (2) syn- 
thetic. The natural latex emulsions are 


critical because of their general tendency 


w.r. GRACE «eco. 


DEWEY AND ALMY CHEMICAL DIVISION 


to coagulate in the presence of alkalis. 
Hence it is necessary to use pre-tested sand 
and cement with this type of agent. The 
synthetic polymers may, in general, be 
used with any suitable materials and are, 
therefore, more popular. The pot life of 
these materials when mixed with cement 
is basically the same as that of portland 


cement when mixed with water. 


The common types of synthetic emulsions 
are homopolymers, commonly referred to 
as PVA’s. These materials have the property 
of being re-emulsifiable. They will soften, 
resulting in loss of bond in the presence 
of water, hence are not suitable for applica- 


tion where moisture is a factor. 


Other materials, such as copolymers, do 
not lose bond in the presence of water and 
can be used in exposed locations. 
DARAWELD is one such material. When 
added to a portland cement mix, it in- 
creases the adhesive properties of the mix 
to such an extent that it will stick to any 
clean surface, absorbent or nonabsorbent. 
DARAWELD is a synthetic material and 
is compatible with any type of portland 
cement and/or aggregates that are suitable 


in the manufacture of concrete. 





Cambridge 40, Mass.; San Leandro, Calif.; Chicago 38, Ill.; Montreal 32, Canada 
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in construction of thin-shell roofs, long 
and thin roof sections spanning large 
open expanses, and in slabs, panels, 
and columns. Prestressed, clear-span 
structures up to 1300 ft have been de- 
signed. Dr. Lin also noted that the tech- 
nique was ideal for prefabrication. 


Self-stressing concrete 


A highly promising offshoot of pre- 
stressing, but still in the laboratory and 
discussion stage, is self-stressing con- 
crete. It is being researched by the 
University of California and by French 
and Soviet technicians. The following 
is extracted from a Russian report: 
at the Central 

Research In- 


“Research conducted 
Industrial Constructions 
stitute has resulted in the creation of 
a cement named “stressing cement” 
which, due to its chemical composition 
and methods of hydrothermal treat- 
ment in the process of placing and 
hardening, increases the volume and 
stresses all the bars of the reinforcing 
framework, irrespective of their di- 
rection in the concrete. 

“Stressing cement is formed as the 
result of dry-grinding of portland ce- 
ment with aluminoferrous cement and 
gypsum. The stressing 
quickly, within 2 to 5 

“These resulting problems were suc- 
cessfully solved by applying shotcrete 
work, which provides for an initial 
preparation of a dry mixture of sand 
and cement; this mixture is moistened 
at the moment of leaving the nozzle 
and in a fraction of a 


cement 
min. 


sets 


second hurled 
onto the surface of the cast article. 
“The perfecting of stressing cement, 
the technology, and 
the designing of new constructions call 
for serious collective effort on the part 


mastering of its 


of scientists and engineers.” 
Variety of roles 

Because it is a plastic, and a low-cost 
at that, will fill a tre- 
mendous variety of roles in future con- 


one concrete 


struction. There will be great expansion 
in the following applications: 


e Lightweight concrete, that floats 
and can be sawed by hand, is already 
a reality. 

@ Pneumatic applications, such as 
shotcrete, will become commonplace. 

@ Foamed (cellular) concrete, to fill 
inflatable forms that later are peeled 
away, is a definite possibility. 

These last two methods might well 
be key components that will help 
fertilize R. Buckminster Fuller’s con- 


cept of “seed” structures. He says: 
“Air-deliverable structures will obvi- 
ously consist of alloys of extraordi- 


narily high performance - per - pound 
characteristics. They will be designed 
in mathematically foldable techniques, 
permitting expansion ratios in the 
magnitude of an acorn’s expansion to 
an oak tree. These delicate structures 
will frequently be skinned and fire- 
proofed with concrete, due to economic 
advantages inherent in the availability 
of cement and aggregates.” 


Prestressed concrete 

Likewise, Fuller foresees a large role 
for prestressed concrete in his geodesic 
structures: “The prestressed, alloy- 
reinforced concretes (as well as the 
nonprestressed) will be in enormous 
use as larger and larger structures de- 
velop. The minimum effective sectional 
dimensions of prestressed concrete 
components will, when employed in 
geodesic domes which we are now able 
to compute in 1-mile diameters, seem 
ephemeral as scaled to the whole 
structure. 

“Key to these giant, clear-span un- 
dertakings, which can put whole cities 
under cover in the arctic, tropics, and 
under-sea is the discontinuous com- 
continuous tension structure, 
in which the larger the structure—the 
more diffused are the local working 
loads and stresses. In the very large 
structures, the local compressional 
components may be as freely and lo- 
cally treated as, in the same way, the 
earth’s surfaces itself—which integrity 


pression, 


is entirely 
sional.” 


gravitational —i. e. ten- 
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Frequently mentioned in builders’ 
predictions are such relatively new 
techniques as slip-form and lift-slab 
construction, except they would involve 
whole buildings of considerable com- 
plexity. Both are close in spirit to 
prefabrication. 


Mainly, though, they are indicative of 
the trend to “engineered” construction, 
and point the way to economical build- 
ing of the future’s fabulous designs. 


More predictions 


In road building and excavation— 
earth moving of all kinds—field engi- 
neering will have to keep pace with 
faster and larger machines. 


New forms of building will be seen 
everywhere, such as huge arches, 
vaults, scallops, angles, and so on. 
Many of these forms are the direct 
result of the advent of prestressed 
thin-shell concrete. 


The Noble Co. of Oakland, engineers 
and manufacturers of concrete batching 
systems, previewed its industry as fol- 
lows: “Automation of concrete plants 
is keeping pace with automation of all 
types of industrial equipment. Already 
we have automatic plants which are 
remote-control operated by the dis- 
patcher. As many as 100 pre-set batches 
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and mix proportions can be selected at 
will by the push of a button. The next 
obvious advance will be a plant which 
can be radio-controlled from incoming 
mixer trucks. In this manner, a batch 
of preselected mix proportions will be 
weighed and ready as the truck pulls 
under the plant. 

“Because of the need for more pro- 
duction capacity, high-speed turbine 
type concrete mixers can produce con- 
crete at more than twice the rate of 
the older drum type mixers of com- 
parable size. 

“The ideal plant would eliminate the 
undesirable features of high elevation 
and intermittent batching which are 
expensive and time wasting. Our goal 
is ultimately to develop a low-height 
continuous plant, producing high out- 
put, in which materials are preblended 
(rather than batched) in exact pro- 
portions.” 

Today, the construction industry 
stands of the threshhold of a whole 
new world ...a world so new it will 
bear only a slight resemblance to that 
which we know today. Whether we 
agree or not with some of the predic- 
tions, there is no doubt that the world 
we live in will be reshaped consider- 
ably by construction’s accelerated tech- 
nology. 





regional meeting in Mexico City. 


which he served so well. 





AN APPRECIATION 
Harry F. Thomson 


With profound sorrow, the Board of Direction of the American Concrete 
Institute mourns the loss of Harry Freeman Thomson by death on Nov. 7, 
1959. For more than 30 years, Mr. Thomson was active in Institute affairs 
as author of technical papers, member and chairman of committees, and 
officer of the Institute, climaxed by his service as President in 1951. He was 
a member of the Board of Direction in 1939 and 1940 and again from 1942 
to 1948, and was vice-president in 1949 and 1950. He maintained his interest 
in ACI to the last, and at the time of his death he had just attended the 


Harry Thomson’s high professional ability and ethical standards, and 
his devotion to the aims and activities of ACI, have long made significant 
contributions to Institute progress. His warm and friendly personality will 
be missed by his associates on the Board of Direction of the Institute 


BOARD OF DIRECTION 
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Lakeview Elementary School used con- 
crete masonry for exterior and interior 
walls. The school was erected in 5 
months at a cost of $10.91 per sq ft 


Low-Cost Concrete Masonry School 


ECONOMICAL CONSTRUCTION was up- 
permost in the mind of San Diego 
architect George Lykos when he de- 
signed the all concrete masonry Lake- 
view Elementary School in Lakeside, 
Calif. 

From the architect’s standpoint, the 
knottiest problem was to capitalize on 
the inherent values of concrete mason- 
ry in a structure that could be built at 
a per-square-foot cost comparable with 
the ordinary school buildings in San 
Diego County. 

“We solved the problem by working 
for simplicity of all structural connec- 
tions and ties,” Lykos said. ‘We worked 
in the direction of taking construction 
man-hours out of the project—of mak- 
ing work simple for the mason.” 

He said that his firm began by 
working on a simple design based on 
the modular system of the individual 
block, 8 x 4 x 16 in. After designing 
a plan that would permit simplest ma- 
sonry work, they simplified structural 
details to permit easy placing of steel 
and similar man-hour-saving construc- 
tion techniques. 

The result was a 15,065-sq ft school 
building erected at a cost of $164,480— 
about $10.91 per sq ft. This is only 
about $1 per sq ft higher than a com- 
parable frame structure. The extra ini- 
tial cost, however, is offset in the lower 


maintenance expense of the concrete 
masonry building. 

The Lakeview school was built in 5 
months. It contains 12 classrooms posi- 
tioned “‘back-to-back” so that all class- 
rooms have access to the outside and 
have windows the full length of one 
wall. Clerestory windows provide for 
ventilation. The concrete block walls 
have been made high enough so that 
noise is prevented from penetrating 


from one classroom to another. 





Outcropping concrete block made sim- 
ple attractive wall pattern. Outcrop- 
ping block are | in. wider than standard 
8 x 4.x 16-in. wall block 
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The school is painted brown on the 
exterior, and in yellow and multitone 
tints on the interior. Interior walls are 
exposed masonry block, with the paint 
applied directly to the block. 

Approximately 25,000 Rocklite con- 
crete blocks, supplied by Hazard Prod- 
ucts, Inc., San Diego, were used in the 
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structure. The walls are solid-filled 
with concrete grant, as required by the 
State Division of Architecture, elimi- 
nating all voids. 

Prime contractor on the Lakeview 
school project was J. P. Bender Co., 
San Diego. Masonry contractor was 
Wallace Masonry Co., El Cajon, Calif. 





July 6-8, 1960—Cooper Union- 
ASCE-ASEE Conference on 
Civil Engineering Education, 
University of Michigan, Ann 
Arbor 


July 10-22 and July 24-August 
5, 1960—Engineering Semi- 
nars on Atomic Shelters, 
Pennsylvania State Universi- 
ty, University Park, Pa. 


July 11-18, 1960 — Second 
World Conference on Earth- 
quake Engineering, Science 
Council of Japan, Tokyo and 
Kyoto, Japan. 


July 17-21, 1960—RILEM In- 
ternational Symposium on 
Concrete and Reinforced 
Concrete in Hot Countries, 
Israel Institute of Technolo- 
gy, Haifa, Israel 


July 18-22, 1960—Thin Shell 
Concrete Structures Study 
Course, Case Institute of 
Technology, Cleveland, Ohio 


Aug. 15-26, 1960 — Summer 
Institute on Nondestructive 
Testing, Sacramento State 
College, Sacramento, Calif. 


Aug. 29-Sept. 2, 1960—Sym- 
posium on Reinforced Con- 
crete Design, Queen’s Uni- 
versity, Kingston, Ont., Can- 
ada. 





LOOKING AHEAD 


Sept. 27-30, 1960 — 6th An- 


nual Convention, Prestressed 


Concrete Institute, Statler- 
Hilton Hotel, New York, 
N.Y. 

Oct. 10-13, 1960—American 


Mining Congress, Metal Min- 
ing and Industrial Minerals 
Convention and _ Exposition, 
Las Vegas, Nev. 


Oct. 31-Nov. 1-2, 1960—13th 
Regional Meeting, American 
Concrete Institute, Pioneer 
Hotel, Tucson, Ariz. 


Nov. 3-4, 1960—Annual Meet- 
ing, National Slag Associ- 
ation, Hotel Mayflower, 
Washington, D.C. 


Dec. 12-15, 1960—First In- 
dustrial Building Exposition 
and Congress, New York 
Coliseum, New York 


Jan. 5-7, 1961 —FIP-RILEM 
Symposium on Injection Grout 
for Prestressed Concrete, 
Norges Tekniske Hogskole, 
Trondheim, Norway 


Jan. 9-11, 1961—Annual Con- 
vention, Concrete Products 
Manufacturers Association of 
Quebec, Chateau Frontenac, 
Quebec, Canada 
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POZZOLITH . . . makes good concrete better 


se > 


Unique structural system 






< 


for Utica’s newest art gallery 


The huge monolithic, intersecting pre- 
stressed girder system shown here is the 
heart of a unique engineering and construc- 
tion achievement. In a continuous 16-hour 
placing operation, the girder was cast in 
place fifty feet above grade. Dr. Lev 

Zetlin’s mix design included PozzoLitH to 

provide concrete meeting these rigid re- 

quirements: 

e 28-day strength of 5000 psi. 

e Slow initial set to avoid cold joints. 

e Extremely high degree of workability to 
prevent voids and honeycombing in 
girders crowded with reinforcing steel 
and post-tensioning cable conduits 

e Lowest possible unit water content. 

In addition, PozzoLirH was used in all 
job-placed concrete—for foundations, walls 
and exterior supporting columns to obtain 
increased workability and minimum 
shrinkage. 

The local Master Builders field man will 
welcome discussing your requirements. 
Remember, POZZOLITH concrete is higher in 
quality and more economical thar plain 
concrete or concrete made with any other 
admixture. 
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Post-tensioning cables — 
fourteen flexible conduits, |,+ ~~ oh 
eact ont nin twent VA 
ach «¢ aining enty v4 
five '¢-inch tendons are 


draped within each girder 


section 


DESIGNED BY ARCHITECT PHILLIP JOHNSON AND 
ENGINEERED BY DR. LEV ZETLIN—this concrete tic- 
tac-toe provides an interior free of columns for 
Munson-Williams-Proctor Institute Art Gallery 
in Utica, New York. Contractor: George A. 
Fuller Company, New York; Supervising Archi- 
tects, Bice and Baird of Utica. Pozzo.itu ready- 
mix concrete from American Hard Wall Plaster 
Company, Utica. 


The Master Builders Company « Cleveland, Ohio 
Division of American- Marietta Company 


World-wide manufacturing and service facilities 


Our SOth Year 


MASTER BU 
POZZOL 








LD 
TH 





*POZZOLITH is a registered trademark of The Master Builders Co 


for its concrete admixture to reduce water and control entrainment of air and rate of hardening. 
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C FeI-Clinton Welded Wire Fabric 
speeds pre-cast construction 


CF«I-Clinton Welded Wire Fabric can be installed fast. No prob- 
lems to fit doors, windows or other openings. The square mesh 
distributes loads evenly in all directions, minimizing cracking during 
tilting and set-ups. As a result, after erection, the fabric helps keep 
the surface attractive and virtually maintenance-free for years. 
For pre-casting, concrete pipe, highways, bridges. . . wherever 
you want to increase the structural strength of concrete and speed 
construction, specify CF«I-Clinton Welded Wire Fabric in either 


rolls or mats. For complete information, contact your local CFeI 
sales office. 


CLINTON 
Weided Wire Fabric 


THE COLORADO FUEL AND IRON CORPORATION 





STEEL. 
In the West: THE COLORADO FUEL AND IRON CORPORATION — Albuquerque * Amarillo * Billings * Boise: 
Butte * Denver * El Paso * Farmington (N. —- * Ft. Worth * Houston * Kansas City © Lincoln © Los Angeles 
Oakland * Oklahoma City * Phoenix * Portland * Pueblo * Solt Lake City * San Francisco * San Leandro 
Seattle * Spokane * Wichita 
In the East: WICKWIRE SPENCER STEEL DIVISION—Atlanta * Boston * Buffalo * Chicago * Detroit * New Orleans 
New York * Philadelphia * CF&l OFFICE IN CANADA: Montreal 
CANADIAN REPRESENTATIVES AT: Calgary * Edmonton * Vancouver * Winnipeg 
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Silhovetted against the sky’s last 
light of a short wintertime Maine 
day, workers rush to complete net- 
work of structural and reinforcing 
steel for walls of U. S. Navy’s new 
transmitter building. On scaffold- 
ing, welder is brazing “jumper” be- 
tween mat of heavy welded wire 
fabric, and lintel beam over en- 
trance. Electronic requirements of 
transmitting equipment call for posi- 
tive grounding of all metal in build- 
ing, with no loose metal-to-metal 
contact. At bottom, right, worker is 
cleaning reusable steel forms for 
next day’s concreting 


Naval Transmitter 
Presents 


“UNUSUAL” IS THE WORD tor the struc- 
ture built in Cutler, Me., to house the 
transmitter for the new Naval Radio 
Transmitting Station—to be the most 
powerful in the United States. The 25,- 
000 sq ft reinforced concrete building 
presented unusual requirements to de- 
signer and builder alike, and they were 
met with unusual solutions. 

Charged with the design of the trans- 
mitter house (and for all other physical 
facilities except actual transmitter 
equipment) were Hayden, Harding, and 
Buchanan, Inc., Boston, and James W. 
Sewall Co., Old Town, Me., in joint 
venture. 


Wall thickness 

One of the first problems to be con- 
sidered concerned thickness of the re- 
inforced concrete walls specified by 
the Navy. Both interior and exterior 
surfaces of the walls were required to 
be flush, with no offsets for structural 
columns being permitted. Furthermore, 
the 25 ft high walls, rather than just 
enclosing space, were to be partially 


aa5 
ei 


-aeee 
-eaeeee 


» 
a 
@ 


haces 


Building 


Unusual Problems 


load bearing, taking some of the roof 
load between columns, the roof being 
planned as a two-way slab. 

Although a 10 in. thick reinforced 
concrete wall wou!d have been suffi- 
cient to encase the steel columns com- 
pletely, and would have been struc- 
turally safe, a 12 in. minimum thick- 
ness was settled on. It was reasoned 
that the greater thickness would mate- 
rially ease and speed up placement of 
concrete between the forms and a dou- 
ble line of reinforcing. In addition, it 
would give added stiffness to the pan- 
els between the 15 ft spaced columns. 
Furthermore, the added_ thickness 
would ease the load on the air condi- 
tioning system which will be installed 
to keep the temperature and humidity 
of the transmitter operating areas with- 
in acceptable limits. 


Reinforcement 

Given wall thickness, the selection 
of minimum temperature steel rein- 
forcement normally is a matter of sim- 
ple computation, But another unusual 





16 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


requirement now faced the designers. 
With large inside areas of the building 
later to be completely shielded with 
copper lining, floors, ceiling and walls 
—all other metal in the structure had 
to be electronically and _ positively 
grounded. 

This stringent requirement caused 
the designers to select mats of heavy 
welded wire fabric for  reinforce- 
ment. In accordance with the ACI Code, 
they specified two lines of 6x6-0/0 fab- 
ric, furnishing 0.296 sq in. of steel area 
per foot in each direction. 

Two reasons were given for this 
choice. (1) Because of the electronic 
grounding requirement, there could be 
no loose or uncertain metal-to-metal 
contact; therefore each intersection of 
reinforcing members had to be welded. 
Rather than call for individually placed 
and welded reinforcing bars, the en- 
gineer selected 8 x 10-ft mats of fabric. 
With the mat’s 357 intersections of 6 
in. spaced wires electrically fused at 
the factory, an obvious saving of many 
on-the-job welds was anticipated. 

(2) Because the mats of fabric of- 
fered a uniform face to work on, with 
each intersection the same as the other, 
it was felt that they would offer a bet- 
ter clearance between the wall forms 
and save further handling time of re- 
inforcing steel. 


Grounding requirements 


To complete the requirement that all 
metal in the transmitter building be 
electronically grounded, the design 
firms specified that cross wires of each 
mat of fabric be welded at all laps be- 
tween sheets, or all four sides. This, 
naturally, had to be done on the job. 
Where mats crossed columns, a weld 
was required each 4 ft. Further, brazed 
“jumpers” between inner and outer 
lines of fabric were specified at inter- 
vals to assure positive electronic con- 
nection. 


Similar specification for welding and 
electronically grounding the lighter 
mats of fabric (6x6-2/2) for reinforce- 
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ment of the inner, nonbearing 9-in. 
thick partitions were established. Even 
the 6x6-6/6 ground slab wire reinforce- 
ment had to be grounded, as did the 
4x4-10/10 with which the columns were 
wrapped for better bond of their con- 
crete encasement. 

Finally at the exterior wall of the 
building, around its entire periphery, 
were driven at 5-ft centers, 5 ft long 
copper clad steel rods, to which was 
connected by copper busses the entire 
structural and reinforcing steel system. 
Even steel lockers and toilet partitions 
are to be grounded. 

Radiating out from the building and 
connecting to the copper bus is a 
buried network of copper wires con- 
necting to the antenna-ground system, 
which completes the electronic ground- 
ing circuit for the structure. 


Architectural treatment 


Esthetic requirements governed the 
designers too. Only a handful of naval 
people are expected ever to view the 
transmitter building. Nevertheless, the 
broad expanses of 25 ft high concrete 
wall promised to be pretty drab, and 
challenged the designers for relief. 

The designer’s answer was to call for 
vertical ribbing of the walls. by the 
simple expedient of inserting corrugat- 
ed cement asbestos sheets next to the 
outside forms. This satisfied esthetics, 
but passed a problem on to the build- 
ing contractor. 


Construction teamwork 

Best measure of how the contractor, 
Consolidated Constructors, Inc., New 
York and Portland, Me., handled the 
unusual requirements of the transmit- 
ter house is found in the following de- 
scription. Despite unusually bad weath- 
er—several consecutive weeks of sub- 
zero temperatures—the contractor has 
kept the job moving, using labor- and 
time-saving methods and equipment. 

In handling the 8 x 10-ft mats of 
fabric, two men readily positioned the 
lower reinforcing, with a crane being 
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used to hoist the mats to the scaffold- 
ing for upper courses of the wall. One 
welder, working 15 min, tacked a sheet 
into position on the side and bottom. 
Consolidated’s engineer-superintendent, 
Curt Snow, estimated that placing and 
fastening a comparable amount of indi- 
vidual reinforcing bars would have re- 
quired about 3 hr. 

Taking advantage of the speedy op- 
erations of placing, fastening, and 
the fabric, the contractor 
was able to move more rapidly into 
forming, concreting, and quicker re-use 


grounding 


of forms, all of which helped account 
for time saved on the job. 

Good teamwork also helped Consoli- 
dated to get ahead of the clock. Fol- 
lowing on the heels of the welders, 
workers closed up the forms around the 
two lines of steel reinforcement. Using 
Econo-Forms, reusable steel forms in 
several sizes, based on a module of 2 x 
4 ft, the contractor usually placed two 
tiers at a time, with the wall being 
cast in 8-ft lifts. Before closing the out- 
side forms, 42 in. wide x 8 ft long sheets 
of corrugated cement asbestos board 





Photos courtesy Wire Reinforcement Institute 


With double lines of heavy welded wire fabric mats in place for temperature 
reinforcement of Naval transmitter building exterior walls, workers (on roof) 
are placing right angle bars which tie fabric to roof reinforcement. At far right, 
several bays of wall have been concreted and protective tarpaulins are visible 
at top of wall. The reusable steel forming has progressed to second column to 
right of workers and is about half way up on the two bays in the foreground. 
In the bottom left the double rows of reinforcement have been bent to form a 
corner of the building 
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were positioned, to form the vertical 
ribs in the exterior walls. 

The cement asbestos was fastened 
back against the steel forms with sev- 
eral wire ties—sufficient to hold it in 
place until it received the thrust of the 
fresh concrete. 

The cement asbestos board at first 
was a problem to work with. After 
stripping the forms, it was found diffi- 
cult to break away the board from the 
concrete. The solution was to coat the 
cement asbestos with Form-Film, a lac- 
quer type bond breaker usually used 
for plywood. With the use of the film, 
the pores of the board were sealed and 
a glass-like surface was imparted, 
which resulted in a superior wall sur- 
face. 





Measuring, Mixing 
& Placing Concrete 


RECOMMENDED PRACTICE FOR 
MEASURING, MIXING AND 
PLACING CONCRETE (ACI 614- 
59). This ACI Standard outlines good 
practices for measuring and mixing 
the ingredients for concrete and for 
placing the finished product. Prac- 
tices designed to achieve maximum 
uniformity, homogeneity, and qual- 
ity of concrete in place are given 
special consideration. Recommenda- 
tions cover handling of aggregates, 
batching procedures, mixing require- 
ments, handling of mixed concrete, 
methods of placing concrete in forms, 
and consolidation. 32 pp. $1.00 per 
copy, 50¢ to ACI members. 


LEX PUBLICATIONS 


4 SA 
Koro 
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While the forming was going on. 
other workers stripped forms from the 
placement of a few days previous, and 
cleaned and oiled them with Corvus 
bond-breaking oil for later re-use. Con- 
creting went on bay-by-bay, lift-by- 
lift, except when the temperature fell 
below 10F. Using 100F water and 
heated aggregates, the ready-mixed 
concrete plant operator, G. E. Goding, 
supplied Consolidated with concrete by 
transit-mix truck. Other than Darex 
air-entraining agent, no admixtures 
were used. Concrete for the building 
was specified as 3000 psi at 28 days, 
with a 1 in. maximum aggregate below 
grade. 

The sections cast were covered with 
tarpaulins, and gasoline space heaters 
used to build up to 70 F under the cov- 
erings for 3 days—and 50 F for the next 
4 days. 

All construction joints in the 12 in. 
thick wall were keyed for strength and 
continuity, both vertical joints and 
horizontal joints between the 8-ft lifts. 
In each type of joint, the lines of wire 
fabric reinforcement were “pigtailed” 
out of the previous placement and con- 
tinued through the joint without a 
break. 

Another instance of the devices used 
by the contractor to save money and 
time was his use of Spanall adjustable 
trusses. The use of these steel units 
eliminated costly, time-consuming shor- 
ing and underpinning of the roof form- 
work. 

Although Consolidated Constructors, 
Inc., has already completed its work on 
the transmitter building, there re- 
mains much work to be done before 
the new facility goes on the air in Jan- 
uary, 1962. Hayden, Harding and Bu- 
chanan, Inc., is presently doing archi- 
tectural and engineering work for a 
fuel pier, and fuel facilities, while pre- 
liminary engineering and field studies 
in connection with the administrative 
area, high frequency area. and housing 
area also are under way. 
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Credits 


Hayden’s chief structural engineer is 
Robert Parker. Other contractors in- 
volved in the transmitter building 
work are: Kerr Electric Co., Auburn, 
Me.; C. H. Babb & Co., Bangor, Me., 
plumbing, heating and_ ventilation; 
Bangor Roofing Co.; Mooers Construc- 
tion Corp., Gardner, Me., excavation 
and subgrade. Barrcroft and Martin 
Rolling Mills, Portland, Me., furnished 
all reinforcement and structural steel. 


Responsibility for electronic design and 
performance of the transmitting station 
lies with Continenta! Electronics Man- 
ufacturing Co., Dallas, Tex. 

First Naval District (Boston) public 
works officer in charge of construction 
is Capt. A. C. Husband. CECUSN. Res- 
ieent officer in charge of the transmit- 
ter project is Capt. J. R. Burke, CEC- 
USN, with Commander John Richard- 
son, CECUSN, as first assistant, and 
Lt. L. B. Taylor, CECUSN. second as- 
sistant. 





Dipping Speeds Form Coating 


A dipping technique to coat fir 
plywood concrete form panels was de- 
veloped by Engstrum & Nourse, San 
Francisco building contractors, to help 
speed construction of dormitories for 
San Francisco State College. The buil4d- 
ings total 127,000 sq ft of area, and re- 
quired 8000 cu yd of concrete for two 
six-story structures. 


The system can be used either in a 
contractor’s yard or on a job site. An 
18-gage trough of galvanized steel, 5 x 
10 x 1 ft deep, was set up on the build- 
ing site under a rough sheltering roof. 
At the rear of the trough was a sloping 
metal sheif equipped with three notched 
stringers which supported up to 25 pan- 
els. 


Engstrum & Nourse used %-in. and 
%8-in. B-B PlyScord in 4 x 6- and 4 x 
10-ft sizes. Two men worked at the dip- 
ping trough. It first was filled to a 
depth of several inches with Burke 
form sealer dipping formula. Then pan- 
els stacked in front of the trough were 
dipped one at a time and allowed to 
soak up the solution for as long as 3 
min. (Brushing panels required up to 
15 min each and did not produce as 
thorough a result, particularly on the 
ecges.) 


After dipping, the panels were stacked 
to drain on the rack—the drippings 


running back down into the trough. At 
the end of a run, the panels were re- 
stacked horizontally in an adjacent 
pile, and stickers inserted to permit all 
surfaces to dry. By the following morn- 
ino they were ready for repiling with- 
out stickers, and ready to use on the 
job. 


On this job, the same panels were 
re-used for all six levels of the build- 
ings. 





ee m 7 


Say 


Two men coat a plywood panel with 
concrete form sealer in 3 min by dip- 
ping the panel in the galvanized steel 
trough containing the sealer. After dip- 
ping, the panels are stood on edge on 
the rack in the background with the 
drippings running back into the trough. 
The panels were then stacked separat- 
ed with sticks to dry out ready for use 
the following day 
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Precast 
Concrete 
Components 
Lifted and 
Placed with 


“Richmond 


Lifting 
Inserts 
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Precast wall slab being tilted into place by means 
of Richmond Lifting Inserts and Lifting Brackets. 


Certified tests by an independent laboratory assure proper strength rating 


for efficient design and performance in concrete at usable strength 


Richmond has developed and test- 
ed a complete line of Lifting In- 
serts and accessories for handling 
and placing of precast concrete 
wall slabs, columns, beams, girders, 
piles, etc. 

No matter what type of precast 
units are involved, Richmond can 
supply exactly the right type of in- 
sert for the specific job. 

These units are designed with 
adequate extra strength and for 
simple operation in lifting and 
bracing precast concrete compo- 
nents. 


Send for your copy of the Richmond 
Data Book on Lifting Inserts giving 
complete technical data, dimensions, 
working loads and ultimate strengths 
in various strengths of concrete. At 


the same time ask for your copy of 


the latest Rich- 
we 
y 


mond Hand- 
“Richmond DATA BOOK 





book showing 
the complete 





line of form ty- LIFTING INSERTS 

ing anchorage aecast Poe 2 tams - Ans 
COLUMNS - TRI UP Was 

and accessory PRESTRESSED GIRDERS & OTHER 


PRECAST AND PRESTRESSED MEMBERS 





devices for con- 
crete construc- 
tion backed by 
49 years in this 

















field. 





Rich mond 
SCREW ANCHOR CO..INC 


INSIST ON RICHMOND 
AND BE SURE IT'S RICHMOND! 








iil 
Main Office: 816-838 LIBERTY AVE., BROOKLYN 8, N.Y. 
— yg ~ a Atlanta, Georgia . Ft. Worth 
exas + St. Joseph, Missouri « In Canada: ACROW- 
RICHMOND LTD., Orangeville, Ontario. , 
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Positions and Projects 





Two California chapters hear 
speakers on steel reinforcing 


Both of the California chapters of 
ACI held well attended May meetings 
featuring as dinner guest speakers well- 
known representatives of the reinforc- 
ing steel industry. The Southern Cali- 
fornia Chapter meeting was held in 
Los Angeles on May 18; the Northern 
California Chapter held a joint meeting 
on May 20 with Western Reinforcing 
Steel Fabricators Association. 

In the informative talks presented, 
well illustrated by slides and film, 
emphasis was placed on the transition 
from old to new forms and practices, 
the technical advances made in recent 
years, and improvement in concrete de- 
sign and construction employing both 
wire fabric and bar reinforcing. 

Frank B. Brown, managing director, 
Wire Reinforcement Institute, Washing- 
ton, D. C., discussed a great variety of 
uses of wire fabric in building con- 
struction, pointed out advantages in 
reinforced concrete design using high 
strength and large size wire in fabric 
now available, and advantages in build- 
ing construction resulting from shop 
assembly and economical handling and 
placing processes on the job. He was 
assisted by Don Gehring, in charge of 
public relations for the Wire Reinforce- 
ment Institute, in showing and explain- 
ing by means of slides and film strip, 
the procedures employed and the re- 
sults obtained. 

James T. Gearhart, assistant man- 
ager, reinforcing bar sales, Bethlehem 
Steel Co., Bethlehem, Pa., discussed the 
transition that has taken place in recent 
years in bar production and use, the 
trend toward the use of the new large 
size bars and the economies in concrete 
section dimensions which they make 
possible. He discussed welding practice, 
code provisions and limitations, com- 
pared ultimate strength and conven- 








James T. Gearhart 


Frank B. Brown 


tional design for typical situations, and 
thoroughly covered, with slide illustra- 
tions, the technical and practical aspects 
of bar reinforcing in concrete. 

At the northern California meeting, 
a novel gavel made of reinforcing bars 
was presented to Harry E. Thomas, 
chapter president, by Robert H. Kling- 
er, president of the Central Division 
of the Western Reinforcing Steel Fabri- 
cators Association. Realizing the strain 
of using such a heavy gavel, Rolf T. 
Retz, California State Division of Arch- 
itecture, Sacramento, presented a min- 
iature wooden gavel. Toward the end 
of the meeting, Otis D. Small, Palo Alto, 





Novel gavel of reinforcing bars, pre- 
sented in a ee of good fellowship, is 


pictured with standard and miniature 
gavels also presented during the joint 
meeting 
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presented an even smaller gavel, all 
three being shown in the photo. 

Mr. Thomas remarked that as the 
bond between concrete and steel is 
being constantly proven, so may the 
bond of friendship and cooperation 
exist between the two organizations, 
for which an annual meeting is planned. 

ACI President Joe Kelly, professor of 
civil engineering, University of Cali- 
fornia, Berkeley, and ACI Vice-Presi- 
dent Lewis H. Tuthill, concrete engi- 
neer with the Division of Design and 
Construction, California State Depart- 
ment of Water Resources, Sacramento, 
both members of the section, were 
present. 

Audiences at the two meetings, in 
which the reinforcing steel industry 
was well represented, totaled about 175. 


ACI Michigan Chapter meets 


The Michigan Chapter of ACI met 
for the usual monthly luncheon meeting 
on May 11, 1960. 


Harvey Hanna was guest speaker 
for the meeting. Mr. Hanna, who is 
presently retained on a consultant ba- 
sis by Hanna, Zabriskie and Daron, Inc., 
contractors of Detroit, was one of the 
founders and former president of the 
firm. He presented a talk on pneumatic- 
ally applied mortar. Mr. Hanna covered 
the advantages and disadvantages of 
pneumatically applied mortar or pump- 
ed concrete, pitfalls to avoid, methods 
of control, quality of work, strength of 
the concrete, types of materials used, 
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and a number of other factors pertain- 
ing primarily to this type of construc- 
tion. 


ACI headquarters attracts 
student touring groups 


The Institute headquarters building 
has been included in the itinerary of a 
number of student tours. passing 
through Detroit this spring. 

The visitors’ register shows: 40 stu- 
dents from the University of Illinois, 
Urbana; 32 students from University 
of Minnesota, Minneapolis; 30 archi- 
tectural students from Virginia Poly- 
technic Institute, Blacksburg; 28 archi- 
tectural’ students from Pennsylvania 
State University, University Park; 15 
students from the University of Uru- 
guay, Montevideo; and 10 associates 
from the Technical University, Braun- 
schweig, Germany. 


Pennsylvania State schedules 
two atomic shelter seminars 


Pennsylvania State University, Uni- 
versity Park, has organized an exten- 
sive program of instruction and re- 
search to acquaint architects and engi- 
neers with design and construction re- 
quirements for effective shelter against 
nuclear attack. 


Two engineering seminars on atomic 
shelter are scheduled this summer. The 
first, July 10-22, is for architects and 
engineers who are or will become in- 
volved in planning and preliminary 
design aspects of buildings, shelters, 
and facilities to resist the effects of 
nuclear weapons. The second, July 
24-August 5, will enroll structural and 
architectural engineers who are or will 
become involved in analysis and design 
of structural systems and radiation 
shielding systems of buildings, shelters, 
and facilities to resist the effects of 
nuclear weapons. 

Gifford H. Albright, assistant profes- 
sor of architectural engineering at 
Pennsylvania State University, directs 
the program, which is supported in 
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PRESTRESSED 
CONCRETE “T’’ BEAMS 


FOR UNIQUE PARKING DECK 







Completed “T’’ beams at C. W. Blakeslee’s Hamden, 
Conn. plant. They were shipped to the job site at : 
the rate of 18 per day on trucks with special frames. ° : a 





Placing beams at job site in Springfield, Mass. With each 
e This new parking deck for the Forbes & beam set at a slightly different angle, there is no more than 
allac, ens > : » ie « a. “ a 4 percent grade in any part of the structure. Each beam is 
Wallace department store is a striking ex- 8 ft. wide at the top of the ‘‘T”’ and only 8 in. wide at the stem. 
ample of the opportunities that prestressed 
concrete offers designers and builders. 


aS : ve , ee : The 54’ spans provide ample room for angle parking on both 
Gage and Martinson’s unique design uti- sides of every level plus a wide center aisle for one-way traffic 


lizes 182 ten-ton prestressed concrete ““T”’ flow. Note complete absence of posts. The 3% story struc- 
beams, whose 54’ lengths permit a com- ture can park about 350 cars at one time, and 2,000 cars in 
pletely post-free parking facility. Ease and & single aay. 

speed of erecting the prefabricated con- 
crete decks made it possible for the Ley 
Construction Company to open the 314 
story structure for business just seven 
months after breaking ground. 


The manufacturer of these beams, C. W. 
Blakeslee & Sons, Inc. uses Lehigh Early 
Strength Cement for maximum production 
efficiency in their prestressing plant. Units 
are completed quickly, ready for trucking 
to the job site as needed. 

This is typical of the advantages of Lehigh 
Early Strength Cement in modern con- 
crete construction. Lehigh Portland Ce- OWNER: Forbes & Wallace, Springfield, Mass 
ment Company, Allentown, Pa. 





ENGINEER: Gage & Martinson, New York City 


GENERAL CONTRACTOR: LeyConstructionCo., Springfield, Mass. 
i eH | GH MANUFACTURER OF PRESTRESSED BEAMS: 


C. W. Blakeslee & Sons, Inc., New Haven, Conn 


BE WM ENTS READY MIX CONCRETE FOR POURED-IN-PLACE CONCRETE 
Valentine Concrete Co., Springfield, Mass. 
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part by the U. S. Department of De- 
fense, U. S. Naval Civil Engineering 
Laboratory, and the Office of Civil 
and Defense Mobilization. 

Professor Albright believes that ar- 
chitects and engineers can provide shel- 
ter against nuclear weapons in conven- 
tional buildings if they understand 
shelter requirements and the use of 
“convertible shelter.” He points out 
that in every building program there 
are requirements for many functional 
spaces which lend themselves to use as 
effective shelter against nuclear attack 
if adequately planned, designed, and 
constructed with this objective. 

The university has also instituted 
four graduate courses in nuclear de- 
fense planning and design and nuclear 
defense research. 

Research will also be an important 
part of the program to be conducted at 
Penn State under the $117,000 initial 
grant provided by the three federal 
agencies. 

Professor Albright points out that 
there are many things we still need to 
know. These range from radiation 
shielding and the response of structural 
systems subjected to blast loading to 
psychological, physiological, and so- 
ciological problems that may arise when 
when individuals spend prolonged peri- 
ods in shelters. The program will in- 
clude gathering and summarizing, as 
well as indexing, some of this informa- 
tion. 


Professor Albright has participated in 
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and directed research programs relating 
to shelter systems at Massachusetts 
Institute of Technology, U. S. Navy 
Bureau of Yards and Docks, U. S. Naval 
Civil Engineering Laboratory, Nevada 
Test Site, and Eniwetok Proving 
Ground. 


Prestressed Concrete 
Institute convention 


Program plans for the forthcoming 
6th annual convention of the Pre- 
stressed Concrete Institute, September 
27-30, at the Statler-Hilton Hotel in 
New York City, have been completed. 

Utilizing the theme: “Prestressed 
Concrete, Key to Creative Architecture 
and Imaginative Engineering,” the con- 
vention will be primarily a 3-day work- 
shop designed to present new tech- 
niques and methods in this over $300 
million industry. 

The convention is open to all mem- 
bers of the institute, architects, engi- 
neers, manufacturers of material and 
equipment, and students. The program 
will include general sessions of interest 
to all attending plus special sessions 
directed primarily to producers and 
engineers. 


Civil engineering education 
conference, July 6-8 


A conference on civil engineering 
education will be held July 6-8 at the 
Rackham School of Graduate Studies 
on the University of Michigan campus, 
Ann Arbor. 

This is the third and final conference 
in a series of three that have been 
planned with the support of the Na- 
tional Science Foundation and under 
the cosponsorship of Cooper Union, 
American Society for Engineering Ed- 
ucation, and American Society of Civil 
Engineers. 

The first two conferences, held at 
Green Engineering Camp of Cooper 
Union, were of a preliminary and plan- 
ning nature leading up to this final 
conference to which delegates from all 
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colleges and universities having ac- 
credited civil engineering curricula are 
invited. 

The objective of the series of con- 
ferences has been to evolve specific 
recommendations for the undergraduate 
curricula in civil engineering designed 
to meet current and future needs. 

This third conference, involving about 
150 engineering educators from schools 
of engineering in all sections of the 
country, will include presentations of 
concepts underlying trends to main- 
tain the present curriculum or change 
the curriculum radically, discussion, 
and formulation of specific recommen- 
dations. A report of the conferences will 
be distributed to all departments of 
civil engineering and schools of engi- 
neering. 


Mudd College inaugurates 
annual lecture series 


The Harvey Mudd College, Clare- 
mont, Calif., inaugurated an annual 
lecture series on March 16. The series 
will be known as the Mendenhall Lec- 
tures, in honor of the sponsor, Irvan F. 
Mendenhall, president of Daniel, Mann, 
Johnson and Mendenhall, 
and engineers, Los Angeles. 

Ernst Weber, president of Polytechnic 
Institute of Brooklyn, and president of 
the institute-owned Polytechnic Re- 
search and Development Corp., was 
first lecturer of the series. Dr. Weber 
spoke on “Preparing for the Unex- 
pected,” based on the problem of edu- 
cating scientists and engineers for the 
unknown technology of the future. 


architects 


Copeland honored by 
University of Wisconsin 


R. E. Copeland, director of engineer- 
ing, National Concrete Masonry Associ- 
ation, and a graduate of the University 
of Wisconsin, was one of six men widely 
known in engineering and industry who 
were honored at the 12th annual Wis- 
consin Engineers’ Day celebration on 
the University of Wisconsin campus, 
Madison, in May. 
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Queen’s University plans 
R/C design symposium 


The Department of Civil Engineering 
at Queen’s University, Kingston, Ont., 
Canada, has scheduled a symposium on 
reinforced concrete design, August 29 
to September 2. 

Three prominent ACI members, rec- 
ognized authorities on structural engi- 
neering, headline the program: A. L. L. 
Baker, professor of concrete technology, 
Imperial College, London; Eivind Hog- 
nestad, manager, Structural Develop- 
ment Section, Research and Develop- 
ment Laboratories, Portland Cement 
Association, Skokie, Ill.; and A. L. 
Parme, head, Advanced Engineering 
Group, PCA, Chicago. 

The program is planned to give prac- 
ticing engineers and others the oppor- 
tunity to become familiar with recent 
developments in the field of ultimate 
load design and the design of shells. 

S. D. Lash, head, Department of Civil 
Engineering, Queen’s University, is 
general chairman of the symposium. 





Hot Weather 
Concreting @ 


RECOMMENDED PRACTICE FOR 
HOT WEATHER CONCRETING 
(ACI 605-59) spells out ways to mini 
mize detrimental effects of hot weather 
on concrete. Means are described for 


reducing concrete temperatures by 
proper attention to ingredients, meth 
ods of production and delivery, and 
care in placement, protection, and cur 
ing The use of admixtures to reduce 
mixing water requireme:t: and to 
retard setting 1s also cove d. 10 pp 


Price $1.00, 50¢ to ACI embers 


Oe PUBLICATIONS 
ry 
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International symposium 
on the chemistry of cement 


The Fourth International Symposium 
on the Chemistry of Cement and Con- 
crete will be held in the United States, 
October 2-7, with technical sessions at 
the National Bureau of Standards, 
Washington, D. C., beginning October 3. 
This will be followed by informal semi- 
nars on cement and concrete research to 
be held at the Research and Develop- 
ment Laboratories of the Portland Ce- 
ment Association in Skokie, IIll., Octo- 
ber 10-12. 

The symposium in Washington will 
deal with seven topics: chemistry of 
clinker; chemistry of hydration of ce- 
ment compounds; chemistry of hydra- 
tion of portland cement; properties of 
cement paste and concrete; destructive 
processes in concrete; chemical addi- 
tions and admixtures; and other hy- 
draulic cements. 

The meetings to be held at the PCA 
laboratories in Skokie are intended to 
acquaint visitors with Portland Cement 
Association research on cement and 
concrete and to permit their participa- 
tion in informal seminars on cement 
manufacture and on basic and applied 
research. 

Attendance at the symposium, which 
is jointly sponsored by the National 
Bureau of Standards and the Portland 
Cement Association, is by invitation. 
The official language of the symposium 
will be English. 


Nebraska Prestressed awarded 
large piling, beam job 

A large-volume contract for pre- 
stressed piling and beams was recently 
awarded to Nebraska Prestressed Con- 
crete Co., Lincoln. Massman Construc- 
tion Co., Kansas City, Mo., has ordered 
31,000 ft (lineal) of octagonal-section 
prestressed concrete bearing piling. 
These members, ranging from 60 to 95 
ft in length, are 14 in. in diameter. 

In addition, the contract calls for 168 
prestressed concrete beams, each 110 ft 
long and weighing 56 tons. The order 
is for Interstate Contract I-80-9(44), 
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designed by the Nebraska State High- 
way Department in Lincoln. 


Errata 


The following corrections should be 
made in “Behavior and Strength in 
Shear of Beams and Frames without 
Web Reinforcement,” by Roger Diaz 
de Cossio and Chester P. Siess, which 
was published in the February, 1960, 
ACI JOURNAL. 

p. 699 — In the continued portion 
of Table 1, in the caption inserted at 
the head of the tabular data, the third 
line in this caption which reads: “Re- 
inforcement: 3—# 4 bars; p = 1.01 
percent” should read: 

“Reinforcement: 2—# 9 bars; p = 3.36 
percent” 
* * *« + 

The following corrections should be 
made in “Elastic Analysis of Shear 
Walls in Tall Buildings,” by Emilio 
Rosenblueth and Ignacio Holtz, which 
appeared in the June, 1960, ACI Jour- 
NAL. 

p. 1213 — in Eq. (2) the denominator 
is given as hgm; it should read hdm. 

p. 1221 — in Table 2 the last two 
column heads at the right side of the 
table are given as Vw: and M,,; these 
should read Vy~; and Mg. 

* . - > 

The following corrections should be 
made in the discussion (Disc. 56-22) of 
“Comparison of Measured and Calcu- 
lated Stiffnesses for Beams Reinforced 
in Tension Only,” by Bill G. Eppes, 
which appeared in the June, 1960, ACI 
JOURNAL. 

p. 1353 — the first full line directly 
under Table F that reads: “The stiff- 
ness of cracked section is almost pro- 
portional to percentage of steel” — is 
actually the heading for Table F. 

Also on p. 1353 in the second sentence 
of the second paragraph under the 
italicized heading First Example, change 
that portion of the sentence which reads 
“... the curve near A is antimetric.” to 
“...the curve near C is antimetric.” 
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How much CEMENT... 
How much FLY ASH... 
How much AGGREGATE 
.-.go into the 
best mix for a 
given requirement 


THAT correct design of the mix is vital is not open to 
question. The best results are obtained when ingredients are pro- 
portioned in accordance with information obtained from extensive 
investigation. Programs of this kind are continuing. The infor- 
mation developed is available through the companies named below. 


Fly Ash Improves 
Quality in Several Ways 


A great many tests have shown that 
a concrete containing proper amounts 
of an approved fly ash is superior to 
a concrete made without fly ash... 
Fly ash concrete is easier to place 


and finish, and has a lower heat of 
hydration. It also has greater resist- 
ance to the penetration of water and 
to the effects of aggressive waters. 


All these are important, depending 
on the purpose of the concrete. One 
quality always desired is high work- 
ability, ease of placing in the forms, 
filling them completely, using even 
less water, with a consequently dens- 





er mix and more watertight job. 
Main reason for the high workability 
is seen in microscopic views A and 
B. The particles of cement (B) are 
rough, angular, while those of fly 
ash (A) are mostly spherical and 


smooth. Thus the “ball bearing’’ 
effect which makes the mix handle 
more easily. 


Each of the Companies Below Has Technical Data and 
Competent Engineers to Help You in Designing the 
Most Effective Mixes Employing Cement and Fly Ash 


DETROIT EDISON COMPANY 


2000 Second Ave., Detroit 26, Mich. 


P. O. Box 549, Evanston, III. 


CHICAGO FLY ASH COMPANY 


228 N. La Salle St., Chicago 1, II. 


McNEIL BROTHERS, INC. 


P. O. Box 4015, Bridgeport 7, Conn. 


WALTER N. HANDY COMPANY, INC. WEST PENN POWER COMPAI.. 


Cabin Hill, Greensburg, Pa. 


MILWAUKEE FLY ASH, INC. 


3815 N. Teutonia Ave., Milwaukee 6, W: . 
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Here’s the Answer... 


to most of your questions concerning the “how” and “what” 
of better concrete. ACI’s CONCRETE PRIMER asks and an- 
swers 155 vital questions about concrete mixtures, factors 
affecting strength, air entrainment, proportioning, etc. Con- 
sisting of 72 pages in pocket size format, the CONCRETE 
PRIMER presents in simple terms basic principles and im- 
portant new developments — and how they can be applied to 
produce durable concrete structures. 


Nhat temperatures are unfavorable 
for curing? 







} 
| || ———~ What is the purpose of air entrainment in 
| concrete? 


i] 


| 


x 


$0.50 TO ACI MEMBERS NONMEMBERS $1.00 


What is the basis of proportioning to assure concrete 
of the desired weather resistance? 


Please send copies of the 1958 edition of the ACI Concrete Primer. 


($0.50 for ACI members, $1.00 for nonmembers) 


Check (or money order) enclosed for amount 


Name 


Address 


City . Zone State 
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ASEE elects 
1960 officers 


Eric A. Walker, president of Penn- 
sylvania State Univeristy, University 
Park, is the newly elected president 
of the American Society for Engineer- 
ing Education. 

Melvin R. Lohmann, Oklahoma State 
University, Stillwater, and Newman A. 
Hall, Yale University, New Haven, 
Conn., have been elected vice-presi- 
dents. Wendel W. Burton, Minnesota 
Mining and Manufacturing Co., St. Paul, 
has been re-elected treasurer. 


Hinds retires from 
Bethlehem Steel 


Chester M. Hinds, Boston district en- 
gineer, Bethlehem Steel Co., retired. 
Mr. Hinds became Boston district engi- 
neer for Bethlehem Steel in 1936 and 
has been successively sales engineer, 
chief engineer, and since February, 
1955, district engineer. 


Master Builders names 
Pittsburgh branch manager 


Andrew T. Fertal has been named 
manager of the Pittsburgh branch of- 
fice of The Master Builders Co., Cleve- 
land. 

Mr. Fertal originally joined the or- 
ganization in 1950 as a sales engineer. 
From 1952-53 he served with the Corps 
of Engineers as a construction engineer 
in Okinawa and as officer in charge 
of concrete construction. From 1953-59 
he was associated with concrete and 
aggregate producers. In 1959 Mr. Fertal 
returned to the Master Builders Co. as 
sales engineer in the Pittsburgh branch 
office. 


Howe joins Sika 
technical staff 


Arthur K. Howe, a civil engineer 
experienced in construction and main- 
tenance, has joined the technical serv- 
ice department of Sika Chemical Corp., 
Passaic, N.J. For the past 26 years he 


has engaged in engineering work deal- 
ing with construction, maintenance, 
and inspection of bridges, foundations, 
concrete structures and buildings. He 
has been associated with the Pennsyl- 
vania and Long Island railroads, the 
Air Force, the Nassau Bridge Authority, 
and a number of prominent engineering 
firms. 


54 bridges in new 
Steinman contract 


The State of Connecticut has retained 
D. B. Steinman, consulting engineer, 
New York, for the survey and design 
of an 8-mile stretch of new express 
highway through Cheshire, Southing- 
ton, and Meriden. The contract requires 
a total of 54 bridges, including eight 
stream crossings, 42 grade separation 
structures, and four pedestrian over- 
passes. 

In the town of Meriden, the route 
winds through the hills of Hubbard 
Park, where a wide median of variable 
width will permit each roadway to 
follow the contours without marring 
the beauty of the park. Structures in 
this area will be given special archi- 
tectural treatment to harmonize with 
the surroundings. 

The plans call for a limited access, 
four-lane divided highway with pro- 
vision for future widening to six lanes. 


Director post of CCAA 
retained by a Cavanagh 


K. J. Cavanagh has succeeded his 
father, T. J. Cavanagh, as director of 
the Cement and Concrete Association 
of Australia, Sydney. 

T. J. Cavanagh joined the association 
in 1936 as editor of Constructional Re- 
view and was appointed chief executive 
officer in 1941, assuming the position 
of director in 1945, which he held until 
his retirement last year. 

K. J. Cavanagh joined the association 
in 1954 as materials engineer and was 
appointed deputy director in 1957, ad- 
vancing to the director’s post on his 
father’s retirement. 
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AWWA names Friel 
“Water Man of the Year” 


Francis Friel, Albright and Friel, Inc., 
Philadelphia, was presented the Fuller 
“Water Man of the Year” award for 
Pennsylvania at the 80th annual con- 
ference of the American Water Works 
Association held in Bal Harbour, Fla., 
in May. 

Mr. Friel was cited in recognition of 
the eminence he has achieved in the 
field of engineering and the outstand- 
ing service he has rendered to the water 
utility profession and to the Pennsyl- 
vania section of AWWA. 


Solite announces 1960 
student award winners 


Five senior students of architecture 
at the University of Virginia, Charlot- 
tesville, have won cash prizes totaling 
$750 in the seventh annual Solite Com- 
petition Award contest. 

John Hoult Verkerke, Charlottesville, 
and William M. Walsh, Jr., Virginia 
Beach, tied for first place in the com- 
petition. Edward L. Gray, Jr., Balti- 
more, Md., and Henry G. Johnson, Jr., 
Hampton, Va., were second place win- 
ners. William W. Wood, Jr., Sands 
Point, N. Y., took third place. 

Fourth year students of architecture 
at the university competed in the de- 
sign of an exhibition building for 
Waynesboro, Va. The building is to be 
used as a display center for the arts, 
crafts, and industries of the Shenandoah 
Valley. 

The competition is sponsored annu- 
ally by Solite Corp., Richmond, Va. 


Master Builders appoints 
three branch managers 


The Master Builders Co., a division 
of American-Marietta Co., Cleveland, 
has named three branch managers as 
part of its expansion program in the 
southeast. 

H. Jack Nunn has been named man- 
ager of the Atlanta branch office; H. J. 
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McDargh, III, manager of the new 
branch at Jacksonville, Fla.; and Jack S. 
Peters, Tampa branch office manager. 


Wheeler elected 
ABPA president 


John Wheeler, Ontario Building Ma- 
terials, Ltd., Toronto, Ont., Canada, was 
named president of the Autoclave 
Building Products Association at the 
54th annual convention held at the 
Dinkler-Plaza Hotel, Atlanta, Ga. 

Peter Smith of Edgar D. Otto and 
Son, Albuquerque, N. M., is vice-presi- 
dent of ABPA. Ralph Cromis, Boice 
Builders Supply Co., Pontiac, Mich., 
remains secretary and treasurer. John 
Selden, Toledo, continues as technical 
director. 

In addition to the association’s of- 
ficers, the board of directors includes 
Dale Cobb, Jackson Ready-Mix Con- 
crete Co., Jackson, Miss.; Fred Reinhold, 
Anchor Concrete Products, Buffalo; and 
Walter Horn, Cinder Block Inc., Detroit. 


Construction to start 
on Foss Aqueduct 


The contractor awarded the contract 
for the 5l-mile long Foss Aqueduct, 
a major feature of the Bureau of 
Reclamation’s Washita Basin Project in 
western Oklahoma, will be allowed 800 
days to complete construction. 

Features of the work include furnish- 
ing and laying 37% miles of 42-, 30-, 
27-, 21-, and 18-in. concrete pressure 
pipe; furnishing and laying 11.9 miles 
of 30-, 27-, 2l-, and 18-in. preten- 
sioned concrete pipe, or alternate 
cylinder prestressed concrete pipe, or 
alternate noncylinder prestressed con- 
crete pipe; furnishing and laying 1.2 
miles of 4-in. steel pipe, or alternate 
asbestos-cement or alternate cast iron 
pipe; and furnishing and laying 0.2 
miles of 10-in. steel pipe, or alternate 
asbestos-cement pipe, or alternate cast 
iron pipe. 

Major quantities for construction 
will include 408,000 cu yd of excava- 
tion, 115,000 lb of reinforcing steel, 
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46,000 lb of miscellaneous metalwork, 
2880 bbl of cement, 45,000 lb of cast 
iron pipe and fittings, 30,000 lb of steel 
pipe specials, 24,000 lb of steel sleeves, 
nozzles, and covers, and 27,000 lb of 
steel pipe and fittings. Also to be con- 
structed are eight railroad crossings 
and five highway crossings. 


Elstner becomes associate 
of Engineers Collaborative 


Richard Elstner, formerly structural 
development engineer, Portland Ce- 
ment Association Research and Devel- 
opment Laboratories, Skokie, Ill., has 
become an associate member of. The 
Engineers Collaborative, Chicago. 

Active in Institute committee work, 
he is currently a member of ACI Com- 
mittee 314, Rigid Frames for Buildings 
and Bridges, ACI-ASCE Committee 326, 
Shear and Diagonal Tension, and ACI 
Committee 339, Allowable Stresses in 
Reinforcement. 


New book tells 


Where... 
How... 


to place reinforcing bars 





Southwestern Portland reports 
1000-day safety record 


Southwestern Portland Cement Co., 
El Paso, Tex., reports the enviable goal 
of 1000 days without a lost-time acci- 
dent. 

This safety record is a highly com- 
mendable accomplishment for a com- 
pany the size of Southwestern Portland 
according to the National Safety Coun- 
cil. The Council reports that if the 
company’s safety record had conformed 
to the nation’s industry-wide figure, 
then its employees would have suffered 
about 20 lost-time accidents during this 
period. 

Even more outstanding is South- 
western Portland’s departmental safety 
record. Three of the firm’s operating 
departments have unblemished safety 
records exceeding 30 years. 

Management spokesmen for the com- 
pany contend that the outstanding rec- 
ord is due to a broad program of safety 


Written for bar setters and inspectors... 
as a manual for apprentice courses ... 
and a reference for specification writers, 
architects, engineers, and detailers. 

Contains complete specifications and in- 
structions for placing reinforcing bars, 
welded wire fabric, and their supports. 





87 PAGES 


Prepared under the 


(.O.)D.or 


HANDY POCKET SIZE direction of the 
P C.R.S.I. Committee 
D OO on Engineering 
Practice. 
ier ic a | t 
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CONCRETE 


for 


Radiation Shielding 


A compilation of seven papers on 
the use of concrete for shielding 
nuclear radiation and the calcula- 
tion of proportions and properties 
of various heavy concretes. 


@ Concrete for Radiation Shielding—Empha- 
sizes factors related to concrete technology 
and cost, and discusses problems involved 
in the use of special concrete. Outlines 
design procedure for concrete shielding. 


@ Absorption by Concrete of X-Rays and Gam- 
ma Rays—-A discussion of the mechanism 
of the absorption of x-rays and gamma 
rays by various shielding materials. 


@ Properties of High-Density Concrete Made 
with iron Aggregate—Data on the physical 
properties of several types of mortar and 
concrete made with iron-bearing aggregate. 


@ Heavy Steel Aggregate Concrete — Gives 
consideration to various mix proportions for 
heavy concrete and a proportioning pro- 
cedure for concrete of given strength and 
density. 


@ Properties of Heavy Concrete Made with 
Barite Aggregates—Presents data on test 
results on barite (barium sulfate) in con- 
ventional and prepacked concrete where 
high density is desired. 


ae Magnetite iron Ore Concrete for Nuclear 
Shielding—Physical properties and costs of 
magnetite ore concrete are compared to 
those of other concretes. 


@ Proportioning of Mixes for Steel Coarse 
Aggregate and Limonite and Magnetite 
Matrix“ Heavy Concretes—A discussion of 
structural concrete utilizing limonite and 
magnetite ores as fine aggregate and 
graded steel scrap as coarse aggregate. 


132 pages—offering graphs, 
tables, and test results 


$4.00 


($3.00 to AC! Members) 


EX PUBLICATIONS 











education coupled with 100 percent 
cooperation on the part of the em- 
ployees. 

Recently Southwestern Portland re- 
ceived a first-place safety award from 
the Texas Safety Association for the 
second consecutive year for the cement 
industry in Texas. Also, the company 
has received for the second year run- 
ning an award from the Portland Ce- 
ment Association for going through a 
complete calendar year without a lost- 
time accident. 

The National Safety Council has in- 
formed the company that it is eligible 
to receive a special award for surpass- 
ing 2 complete years without a lost-time 
accident. 


Steinman awarded 
25th honorary degree 


David B. Steinman, internationally 
eminent bridge engineer of New York 
City, was recently awarded his 25th 
honorary degree. 

The honorary degree of Doctor of 
Fine Arts was conferred upon Dr. 
Steinman at the formal convocation 
in May of the Spring Arts Festival at 
Bethany College in West Virginia. The 
degree is in recognition of his achieve- 
ments as a poet and as a builder of 
beautiful bridges. Nine of Dr. Stein- 
man’s bridges have been honored in 
the annual awards for the most beauti- 
ful bridges in America. 


Port Inland quarry 
awarded safety trophy 


The Port Inland quarry operated by 
Inland Lime and Stone Co. Division of 
Inland Steel Co., Gulliver, Mich., was 
among six mines and quarries in Mich- 
igan, Minnesota, New York, and Penn- 
sylvania awarded safety trophies in 
the 35th National Safety Competition 
sponsored by the Bureau of Mines, De- 
partment of the Interior. 

The Port Inland quarry has operated 
451,317 man-hr without a disabling in- 
jury. This is the fourth time Port Inland 
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has won the trophy. A participant in 
27 successive contests, it ranked first in 
1938, 1939, and 1951, and received hon- 
orable mention in 1933 and 1934. 


Air Force okays use of 
prestressed concrete inlay 


The Air Force is planning to permit 
use of a prestressed concrete inlay for 
the reconstruction of the primary run- 
way and taxiway in Fairchild Air Force 
Base, Washington. This will be the first 
time in the United States that a pre- 
stressed concrete pavement project of 
such magnitude will be bid competi- 
tively with conventional concrete pave- 
ment. 

The pavement scope for Fairchild 
AFB will be approximately 79,000 sq 
yd for the runway and 53,100 sq yd 
for the taxiways. Construction at Fair- 
child is tentatively scheduled to begin 
in the spring of 1961. 


Southern Lightweight Aggregate 
appoints Laws to key sales post 


Charles B. Laws was recently ap- 
pointed southern regional sales man- 
ager for Southern Lightweight Aggre- 
gate Corp., Richmond, Va. He was for- 
merly district sales manager for Caro- 
lina Solite Corp., a wholly owned sub- 
sidiary. 


Flexforms affiliates with 
Prescon Corp. 


Flexforms, Inc., originators of Flex- 
Tee, a prestressed single stem, pitched 
roof deck member, has become affili- 
ated with the Prescon Corp., Corpus 
Christi, Tex. 

The Flex-Tee roof deck member with 
a pitch of 1:12 has a pleasing appear- 
ance, according to Guy Braselton, presi- 
dent of Prescon, and is easily adapted 
to the various span requirements in the 
field so that it has wide application in 
many structures. It is available in a 
standard width of 6 ft with spans vary- 
ing from 24 to 60 ft and can be cast 
either in the yard or at the job site. 
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1961 FIP-RILEM symposium on 
grouting for prestressed concrete 


A symposium will be sponsored 
jointly by the Federation Internationale 
de la Precontrainte (FIP) and Reunion 
Internationale des Laboratories d’Essais 
et de Recherches sur les Materiaux et 
les Construction (RILEM) on injection 
grout for prestressed concrete. This 
symposium will be held at Norges Tek- 
niske Hogskole in Trondheim, Norway, 
Jan. 5-7, 1961. 

The technical program will cover 
general problems connected with the 
grouting of post-tensioned structures, 
composition of grout and methods of 
grouting, and standard requirements 
for grouting. 

Sessions devoted to the results of 
laboratory and field studies will cover 
such properties as: fluidity, setting 
time, stability, shrinkage, frost resis- 
tance, and bond and other mechanical 
properties. 

An exhibition and demonstration of 
materials and equipments for grouting 
will round out the program. 

Papers intended for presentation at 
the symposium must be sent to Prof. 
I. Lyse, Norges Tekniske Hogskole, 
Trondheim, Norway, before Aug. 15, 
1960. The FIP-RILEM Committee on 
Grout will decide which papers shall 
be presented at the symposium. 
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Conway joins 
Baltimore firm 


George O. Conway, Jr., is now asso- 
ciated with National Paving and Con- 
tracting Co., Baltimore, as office de- 
signer, estimator, and job supervisor. 


Columbia Cement appointments 


A series of appointments in the sales 
organization of Columbia Cement Corp.., 
Zanesville, Ohio, has been announced. 

John R. Pinnick, Jr., has been named 
assistant sales manager in charge of 
highway sales; John K. Brown, district 
sales manager for the Columbus office: 
Eugene P. O’Brien, district sales man- 
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PROCEEDINGS 
VOLUME 55 


Under one cover! 


79 American Concrete Institute 
papers and reports originally 
presented in the monthly ACI 
JOURNALS from July 1958 to 
June 1959. Current Reviews, 
Concrete Briefs and Index are 
also included. 


You'll want to add this hand- 
somely bound, hard cover 
volume to your concrete engi- 
neering library. A permanent, 
easy-to-use record of authorita- 
tive JOURNAL reports covering 
most aspects of concrete tech- 
nology. 


Order this valuable reference 
book today! 
$21.00 
To ACI Members 
$7.50 





Publications Department 

American Concrete Institute 

P. O. Box 4754, Redford Station 

Detroit 19, Michigan 

Please send me a copy of the ACI Pro- 
ceedings Volume 55. 


My check for is enclosed. 
Check appropriate box: 


Member ‘a 


Nonmember [|] 
Name 


Address 
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ager at Columbia’s new district office 
in Cleveland; and Clement J. Mertes, 
assistant sales manager for the Cleve- 
land district, continuing to maintain 
his headquarters in Massillon, Ohio. 

Columbia Cement, a wholly-owned 
subsidiary of Columbia-Southern Corp., 
will transfer its general sales offices 
from Zanesville to Columbus. The firm 
will continue to maintain order depart- 
ments at both the Zanesville and Bar- 
berton plants to expedite customer 
service. 


Hummel opens 
consulting office 


John W. Hummel is a partner in the 
newly organized consulting engineering 
firm of Hummel and George, Louisville, 
Kentucky. 


Watson joins 
Prescon Caribe 


J. Raymond Watson, formerly in- 
structor of civil engineering, Univer- 
sity of Puerto Rico, Mayaguez, is now 
chief engineer of Prescon Caribe, Inc., 
Mayaguez, Puerto Rico. 


Raj and Vakil open 
Bombay consulting office 


Mahendra Raj and Rasvihari Vakil 
have announced the formation of their 
firm of consulting engineers under the 
name of Raj and Vakil in Bombay, 
India. 

Mr. Raj came to the United States 
when he was an executive engineer in 
the Punjab Public Works Department 
and earned his MS at the University 
of Minnesota and CE degree at Colum- 
bia University. He worked for Ammann 
and Whitney, New York, for about 3 
years. 

Dr. Vakil obtained his engineering 
degree in India and his ME and PhD 
degrees at the University of Wisconsin. 
He worked with Ammann and Whitney 
for 2% years, and taught at the Uni- 
versity of Wisconsin, Columbia Univer- 
sity, and Pratt Institute. 
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Executive changes 
at American Cement 


Garner A. Beckett, formerly chair- 
man of the Board of Directors of Amer- 
ican Cement Corp., Philadelphia, has 
been elected honorary chairman of the 
board and Allen L. Chickering, Jr. has 
been elected chairman of the board, 
succeeding Mr. Beckett. 

James P. Giles, Jr., president of Her- 
cules Cement Co., a division of Ameri- 
can, has been elected executive 


vice- 
president of American. 
Alpha announces 6-year 
modernization plan 
Alpha Portland Cement Co., Easton, 


Pa., will spend an estimated $50 million 
during the next 6 years te completely 
modernize all of the company’s eight 
plants. 

The modernization program is in- 
tended to help Alpha meet an antici- 
pated boom in the construction field. 


The QUICKEST way 
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Plans call for the expenditure of $6 
million in 1960. The company has re- 
cently completed a $26 million expan- 
sion program. 


Calaveras Cement opens 
Oregon transfer plant 


Calaveras Cement Co., San Francisco, 
a division of The Flinkkote Co., has 
opened a new bulk transfer plant in 
Springfield, Ore. Charles Evans, Jr. 
has been appointed plant manager. 

The plant will receive bulk cement 
by rail from Calaveras manufacturing 
plant at San Andreas, Calif., and serve 
as a distributing point for truck deliv- 
ery in the 13 southern counties of 
Oregon. 

Modern throughout, it can load one 
cement truck and trailer every 7 min. 
Its two storage silos have a total ca- 
pacity of 2350 bbl of bulk cement. An 
adjoining warehouse holds four rail- 
road cars of sack cement. 


REINFORCED CONCRETE DESIGNS 


Revised 1959 


447 pages 

over 75,000 
copies 
in use 







10 Day Money 
Back Guarantee 
NO C.0.D. ORDERS 


* Ober 
POSTPAID 


Second Edition! 


Third Printing! 


This valuable handbook provides 
Reinforced Concrete Designs 
worked out to the latest A.C.I. 
Building Code. Send check or 
money order today for 1959 copy. 


Prepared by the Committee 
on Engineering Practice 


CONCRETE REINFORCING STEEL INSTITUTE 
38 S. Dearborn St. (Div. J), Chicago 3, Illinois 
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Honor Roll 





Jan. 1 — May 31, 1960 


Have you signed up a new ACI member this 
month? Among your acquaintances working in 
concrete, there are probably several excellent 
ACI prospects who would be ACI members if 
they only knew more about Institute activities. 
Tell them about ACI today and put your name on 
next month’s honor roll. 


Alfonso Marin E. i we ; antades . 33 
Samuel Hobbs Riesa dialed egia’s new oye eeu ae 
Harry Ellsberg a . 15 
Walter H. Price ee ee eee 
Joaquin Spinel L. a 12 





Point System 


1 point for Student; 2 points for Junior; 3 
points for individual; 4 points for Corpora- 
tion; and 5 points for Contributing. 











Robert P. Witt ts he is eB ei a's:a Geel 
Faraj Tajirian teh vcen devant epee ocala ang Seg 10 
Roger H. Corbetta . . 9 


Felix Colinas Villoslada Fernando De 


James A. McCarthy 
Gene M. Nordby 

J. Raymond Watson 
Alfonso Golderos 

C. P. Siess er 
Yoshikatsu Tsuboi 
James Chinn 

Ward W. Engle 
Napoleon Ferrer G. 
Russell Porter 

J. Karni . 

S. O. Asplund 

Ernst Basler 

Evan Savours David 
H. C. Delzell 

Arturo Guevara 
Antonio A. Henson B. 
T. C. Kavanagh 
John C. McCoe , 
Jose Luis Montemayor 
George B. Southworth 
R. H. Wildt 

C. A. Willson 

Milton H. Zara 

Pedro M. Bassim 

W. S. Cottingham 
John E. Heer, Jr. 
Adrian Pauw 

H. C. Pfannkuche 

J. F. Toppler 


Angulo R. R. Kaufman 





John G. Dempsey 
Phil M. Ferguson 
William W. Karl 

Joe W. Kelly ict 
Narbey Khachaturian 
Henry A. Lepper, Jr. 
Jack Longworth 
Willard A. Oberdick 
Gerald F. Paulson 
Pastor B. Tenchavez 
John Adjeleian 
Michael Alexander 
James E. Amrhein 
Amos Atlas 
Salvatore Azzaro 

J. E. Backstrom 

E. E. Barreiro M. 

Ira M. Beattie 
George B. Begg, Jr. 
Luther E. Bell 

Oo. R. Bell 

M. R. Berretti 

Dan E. Branson 
Martin R. Brown, Jr. 
R. C. Brown ‘ 
Allen H. Brownfield 


Roger Diaz deCossio 
James N. De Serio 
H. J. Dickinson 
Peter E. Ellen 
Marco Estrada 
Arthur Feldman 
Benjamin P. Felix 
R. J. Fisk a 
Martin E. Flaherty 
Russell S. Fling 
Joseph J. Fox 
Frank D. Gaus 
Hans Gesund 

H. J. Gilkey 

Alfred G. Graves 


Seymour W. Greenberg 


Fabian Guerra 
Martin J. Gutzwiller 
James E. Halpin 
Kenneth Hansen 
Warner Harwood 

J. T. Helsley 
Norman E. Henning 
Roy Holte lle Sih 
Robert H. Hopwood 
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Clyde E. Kesler 
Milo S. Ketchum 
F. R. Killinger 
John C. King 
Arthur A. Klein 
E. V. Konkel 
George Kostro 

Cc. R. Kramer ; 
William J. Krefeld 
Simon Lamar 
Cecil M. Langford 
L. R. Lauer : 
Howard Losey, Jr. 
John T. McCall 
W. J. McDonald 
Joseph A. McElroy 
John M. McNerney 
M. F. Macnaughton 
Luis F. Magrina 
Roman Malinowski 
E. M. Markell 
Ignacio Martin 

S. Moore 

N. D. Morgan 

W. E. Moulton 


3 Kenneth M. Huber George H. Nelson 
Vincent R. Cartelli 3 G. M. Idorn ‘ Poul Nerenst 
Alan Carter .3 Mario Jimenez-Cadena d S. M. Otko i 
Fong C. Chan . 3 E. H. Johnson K Frank J. Oleri 
Jacob J. Creskoff 3 H. Alan Johnson ce Gregorio Ortega 
G. L. Cubbison 3 Oliver G. Julian q Miguel Angel Ortiz 
Edward J. Curtin x. Robert J. Kadala Agudin Sess 
Ramzi A. Dabbagh . 2 Karl Kaspin William E. Parker 
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Membership in the American Concrete Institute 


To facilitate prospective members in joining the Institute, membership 
application forms are provided. Present Members may aid by bringing 
these forms to the attention of those who may profit from membership 
advantages. All who have an interest in concrete are eligible for mem- 
bership. The grades of membership are described below. 

Members have at hand in Institute publications the most complete 
fund of knowledge on concrete. The ACI Journal provides them with 
the latest information and ACI special publications provide them with 
the complete picture of specific problems. Through conventions, and re- 
gional and area meetings, they are afforded the opportunity of meeting 
those whose experiences provide the new information, and of exchang- 
ing ideas with them. 

ACI’s world-wide membership is growing in extent and participation 
—traveling a common road toward better, more economical and durable 
concrete structures. ACI provides a common ground in the search for and 
use of new “working tools” in concrete design, manufacture, and erec- 
tion—and its interpretation. 


Individual Members (“Central america and West Indies” ) $20.00 
Individual Members (All other foreign countries) 16.00 
Corporation Members 65.00 
Junior Members—nonvoting (under 28) 10.00 
Contributing Members 135.00 
Student Members—nonvoting (under 28) 5.00 
Please enclose remittance with application (cut here) 
Board of Direction, American Concrete Institute Date__ 


P. O. Box 4754, Redford Station 

Detroit 19, Michigan 

The undersigned hereby applies for admission to the American Concrete Insti- 
tute as () Individual [1 Corporation [1] Contributing 0 Junior (1) Student Mem- 
ber and agrees to be governed by the Charter and Bylaws. 


Name and complete mail address of proposed membership (Address to which Journal is to 


be mailed—please letter) — ~~ SEE ome ee le = 








For Corporation Membership, ACI representative will be = = === 


Date of Birth (Juniors and Students only) ——___ 





Year <P Month Day 











(Date of graduation) (Proposed by) 


Signature 





For our records, please complete both sides of application. 
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NOTES on Membership Classification 


The ACI advertising and editorial departments need definite information 
concerning job title, classification, business affiliation, and principal re- 
sponsibility of all members. Thus, the information requested on the clas- 
sification form below is especially important. 


The applicant should designate his title or position such as: construction 
superintendent, research director, technician, draftsman, structural engi- 
neer, inspector, plant superintendent, highway engineer. The occupation 
of the applicant should be that which is most frequently performed. The 
principal responsibility of the applicant is that specific area of his job 
for which he is primarily concerned. 


Classification is not based on what interests you, but on what you do— 
what office or job you fill. When completing the form below, please 
check the one item in each section that is most applicable to that par- 
ticular section. 


ACI editors want to know your interests—they welcome suggestions as 
to what you’d like to see discussed in the ACI Journal and of the pos- 
sible sources, Please attach a separate note or letter. 


MEMBER CLASSIFICATION 


JOB TITLE 





OCCUPATION (Check the one most applicable) 
[] Arch [] Engr [] Construction Supervision [] Plant Management or Su- 
pervision [] Teaching [] Student [] Other (please state) 


EMPLOYER 
[] Architect [] Contractor [] Consulting Engr [] Engr Firm [] Manufac- 
turer or Producer (specify product) 

Government [] Fed [] State [] County [] City [] Educational Institution 
[_] Commercial Testing Laboratory [] Public Utility [] Trade Assn [] Library 
[] Other (please state) 





PRINCIPAL RESPONSIBILITY (Check the one most applicable) 

Cc) Design [] Construction [] Consulting [] Purchasing [] Sales [] Ad- 
vertising [] Research [] Administrative (state position) 

[-] Other (please state) 





Do you [] Specify [] Authorize [] Recommend, purchase of materials or 
equipment? 
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John D. Paterson fide Rogelio Bonilla Torres 3 William W. Hotaling, Jr. 2 
T. Paulay Pa 3 D. A. Van Horn 3 Raja A. Iliya 2 
E. A. Peterson 3 Ellis S. Vieser + Fred W. Jacobs -2 
ae. 3 Sam Walden 3 Carl B. Johnson 2 
Frank A. Randall, Jr. . 3 E. H. Walker 3 Ralph F. Jones eS 
Abdur-Rahman S. Rasul 3 Carl Weber «3 Blas Lamberti 2 
Ilmar Reinart ‘ 3 Cedric Willson ae Oscar Latorre M. ; > 
Salvador Rodriguez .... 3 J. A. Wineland an G. H. Matchette, Jr. “i 
H. C. Rose needa ie Eugene C. Wong 3 Howard R. May 2 
Howard J. Rosenberg 3 T. W. Wood ‘ oa Abel Moreno 
H. Rusch , 3 Mark R. Woodward 3 Przespolewski soa 
R. S. Sandhu 3 Jayantilal S. Alagia 2 R. R. Neal Sere eee 
E. A. Sanford ia se Arthur H. Andersen 2 Carlos Luis Nebreda 2 
Herbert A. Sawyer, Jr. 3 Carlos Asturias P. 2 Carlos Isunza Ortiz 2 
John B. Scalzi 3 Charles O. Baird, Jr. -— Raoul E. Pallais 2 
C. H. Scholer 3 John E. Bower -e Roberto E. Prata Lou :z 
Morris Schupack i<e H. J. Brettle ‘ a Luis G. Restrepo S. . 2 
H. M. Schwartz ance 3 D. Campbell-Allen 2 David Reyes-Guerra 2 
Harold J. Sexton 8 Francisco Castano Jose H. Rizo : 2 
Morton Sherman minke 3 Hernandez oe Walter D. Rudeen in 
M. F. A. Siddiqui 3 Guillermo Castellanos G. 2 Russell Schofield . 
A. L. Small 3 M. H. Chapman, Jr. 2 Ingvar Schousboe 2 
John D. Smith 3 William G. Corley 2 = Cc’ Sword 2 
Miles W. Stone ca Clayton M. Crosier 2 
S. Szalwinski a Graham Earle <a Fernando Vegas Si 
F. K. Taskin .3 Enrique Garcia-Reyes . 2 J. M. Warne -2 
W. R. Thessman oe G. Grenier . Leon A. Yacoubian . 
J. Antonio Thomen 3 Robert B. Harris > Roger M. Zimmerman 2 
Alex Tobias 3 Gregorio Hernandez -_ Antonio Zuniga Ayala 2 
peCastro, J. L., Pinar del Rio, Cuba (Chf. 
Chem., Lone Star Cement Co.) 


New Members 





The Board of Direction approved applications in 
the following categories: 6/7 Individual, 2 Corp- 
oration, 7 Junior, and 23 Student, making a total 
of 99 new members. Considering losses due to 
deaths, resignations, and nonpayment of dues, the 
total membership now stands at 10,274. 


INDIVIDUAL 


ALIBRANDI, JOHN G., Syracuse 6. N. Y. (Pres., 
G. A. Constr. Corp.) 

ANTIA, KuurRSHED A., Boml ay, India (Part., 
Antia & Irani) 

Arya, ANAND Swarup, Champaign, Ill. (Instr., 
Roorkee Univ. (India) 

Baitey, James C., Atlanta, Ga. (Treas. & 
Prod. Engr., Conc. Mfg. Co.) 

Benson, F. R. Birmingham, England (Chf 
Engr., British Lift Slab, Ltd.) 

BLANKENSHIP, R. St. Louis, Mo. (Cons. 
Engr., PCA) 

BurRRINGTON, J., Chippenham, Wilts, England 
(Struct. Engr., Clarke, Nicholls & Marcel) 


Butter, Brian G., Peterborough, Ont., Canada 


(Proj. Engr., Can. Gen. Elect. Co. Ltd.) 

CAMPBELL, RicHarp W., Studio City, Calif. 
(Struct. Engr.) 

CERULLI, ALEXANDER, Hempstead, N. Y. (Constr. 
Supv.) 

CHAMBERS, STEPHEN, New York, N. Y. (Vice- 
Pres., City Investing Co.) 

DARTNELL, EORGE M., Teheran, Iran (Proj. 


Engr., IBEC Housing Corp.) 


Dove, ALLAN B., Hamilton, Ont., Canada (Prod. 
Dev. Mtlurgist, Steel Co. of Canada, Ltd.) 

Esy, Rosert W., New Albany, Ind. (Arch., 
Struct. Engr., Walker, Applegate, Oakes & 
Ritz, Inc.) 

ELLswortH, Ricuarp D., Pittsburgh, Pa. 
Pres., Chas. F. Campbell, Inc.) 

Esp1nc JoHN F., Kansas City, Mo. 


(Vice- 


(Dist. Sales 


Megr., Sika Chem. Corp.) 

FAZAKERLY, GEORGE M., Memphis, Tenn. (Gen. 
Mgr., Fischer Lime & Cement Co., Inc.) 
FULLERTON JOHN H., Reading, Mass. (Supv., 

Jackson & Moreland, Inc.) 
GEARHART, JAMES T., Bethlehem, Pa. (Asst. 


Mer. of Sales, Bethlehem Steel Co.) 
Go.LpsTEtIn, Leo, Philadelphia, Pa. (P. E., Phil- 
adelphia, City of) 


—— Saprt M., Fresno, Calif. (Struct. 

esr.) 

HARDING, WENDELL, San Gabriel, Calif. (Conc. 
Techn., Wn. Conc. & Equip. Co.) 

HARGRAVE-THOMa~S, J. N., Detroit, Mich. (Gen. 
Mgr., Mich. Testing Engrs., Inc.) 

Hoop, Donatp E., Virginia Beach, Va. (Supt., 
McLean Contr. Co.) 

Horowitz, Haroip, Richmond, Va. (Struct. 
Engr., Carneal & Johnston) 

Hurst, W. W., Lake Charles, La. (Plant Chf. 


Chem., Lone Star Cement Corp.) 

JAEGERMANN, CHANOCH HEtINz, Haifa, Israel (C. 
E., Head, Testing Dept., Technion) 

JARAMILLO, MANUEL F., Manila, Philippines 
(Struct. Engr., J. M. Zarogoza & Assocs.) 

Jounson, M. W., St. Louis, Mo. (Mgr., St. 
Louis Dist., Pittsburgh Testing Lab.) 

KAPLAN, STANLEY, Johannesburg, South Africa 
(Cons. Struct. Engr.) 

KARKKAINEN, Arvip R., Rochester, N. Y. (City 
Engr., Rochester, City of) 

Kowatski, T. G., N’dola, Northern Rhodesia 
(Struct. Engr.) 
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Kuzara, Josepn, Glasgow, Mont. (Supv. Engr. 
Hoiland & Lund, Archs.) 

Lamonp JosePpH F., Newton, Mass. (Matls. 
Engr,. U. S. Arey) 

MANNERS, DEREK ILLIAM, Brighton, Sussex, 
ae (Struct. Des. Engr., Chamberlain 
& Part., Cons. Engrs.) 

Mark, Norman, Ashdod, Israel (Asst. Chf. 
Engr., Israel Off., F. R. Harris, Inc.) 

Marson, WiLi1aM A., Santa Fe, Ay M. (Brdg. 
Desr., N. M. State Hwy. Dep 

Martrast, Epvuarpo, Houston, Texas (Struct. 
Engr., Fish Engrg. Corp.) 

McDantEL, Leonarp F., Phoenix, Ariz. (Part., 


McDaniel & Powell) 
Moretti, J. F., Montreal, Que., Canada (Cons. 
Engr., Monarque & Morelli) 
Mossorc, Rosert J., Urbana, Ill. (Assoc. Prof., 
Univ. of Ill.) 

Norturup, Donatp O., Pittsburgh, Pa. (Mgr., 
Constr. Prod., U. S. Steel Corp.) 

Panui, A. C., Parlakimedi, Orissa, India (Exec. 
Struct. Engr., Orissa, Govt. of) 

Parez, Juan B., Bogota, Colombia (C. E.) 

Pace, Puiie P., Summit, N. J. (Assoc., Seelye, 
Stevenson, Value & Knecht) 

PAYNE, DARRELL PAUL, Millbrae, Calif. 


(C. E. & 

Arch. Desr.) 

PErRRINE, E. L., Evanston, Ill. (Lab. Mgr., Zono- 
lite Co.) 

Ray, Gorvon K., Chicago, Ill. (Mgr., Paving 
Bur., PCA) 

Rrverso, Rapuaet G., Scarsdale, N. Y. (Constr. 
Supv., Riverso Constr. Co., Inc.) 

SAMUELSSON, ALF., Jarnbrott, Sweden (Asst. 
Instr., Chalmers Univ. of Tech.) 


Santos, N. M., Salvador, Est. da Bahia, Brazil 
(Chf. Chem., Lone Star Cement Co.) 








ship Directory. 


Michigan. 


PRESENT ADDRESS: 


~ Last Name 


Are You Listed Correctly? 


Your ACI Headquarters staff has started work on the 1961 Member- 


This Directory will list your last name, your first and middle ini- 
tials, mailing address, membership classification (individual, junior, 
student, corporation, contributing), the year you joined ACI, and 
your job title and company affiliation. 
If you receive the JOURNAL regularly, we have your correct mail- 
ing address. But is your job title and company affiliation as listed 
in the 1959 Directory still the same? 
Complete the coupon below (please print) and mail tuday to ACI 
Membership Division, P. O. Box 4754, Redford Station, Detroit 19, 

tt we don’t hear from you, we will assume your 1959 
Directory listing is still current. 

PLEASE TYPE OR PRINT 


(ist Initial) (2nd Initial) 





1960 


July 


Smiutn, Gries A., Cincinnati, Ohio (Mfrs. Rep.) 

Stout, Greorce A., FPO, San Francisco, Calif. 
(Supv., Gen. Engr., Corps of Engrs.) 

SturM, WERNER C., Roselle, N. J. (Part., 
erud, Elstad, Krueger, Assocs.) 

Suenaca YasuyosH1, Osaka, Japan (Asst. Prof., 
Osaka Inst. of Tech.) 


Sev- 


SzeresJKO, Ropsert A., Fitchburg, Mass. (Est. 
Engr., Wiley & Foss, Inc.) 

Topp, Rosert G., Santa Rosa, Calif. (Part., 
Todd Constr. Co.) 

Traynor, Duane, Bismarck, N. D. (Mgr., Des. 
Engr., Central Supply Co.) 

Tsar, Cuunc-Cu1, Knoxville, Tenn. (C. E., 
VA) 

Wapiin, GeorcE K., Jr., Orono, Me. (Assoc. 
Prof., Univ. of Me.) 

WeENK, Paut, St. Gallen, Switzerland (C. E., 


Ing. bureau A. Zahner) 
Wiis, SHetsy K., Salina, Kan. 
and Willis) 


(Part. Bucher 


Yasutro, Hrpeo, Chiba City, Japan (Asst., Inst. 
of Indust. Science, Univ. of Tokyo) 

Yousser, Kamat E., Pittsburgh, Pa. (Desr., 
Swindell Dressler Corp.) 

ZAHARIN, SeERGEI A., Daly City, Calif. (Arch., 
Engr., R. B. Liles) 

ZAHNER, Ap., St. Gallen, Switzerland (C. E.) 

CORPORATION 
Esasco Services Inc., New York, N. Y. (H. K. 


Fairbanks, Cons. C. E.) 

Georce C. Frey ReEapy-Mrxep Conc. Co., INc., 
Lancaster, N. Y. (Herbert G. Frey, Vice- 
Pres.) 





Memb. Classification — 





Mailing Address 


- Job Title 


OLD ADDRESS: 





Mailing Address — 





Job Title 





~ City & State, Province or Country 


Company Affiliation 


City & State, Province or Country 





~ Company Affiliation 
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JUNIOR 


BROERING, ARTHUR J., 
S-3, USMC) 

Brown, HILTON RUSSELL, Sydney, NSW, Aus- 
tralia (Instr., Univ. of NSW) 

GNeEcco-CALVvoO, FRANCISCO, Bagote. 
(C. E., Cundinamarca, Govt. of) 


Covington, Ky. (Asst. 


Colombia 


KAMINSKI, JAMES G., Pittsburgh, Pa. (Des. 
Drftmn., Houser & Carafas) 

Kawacucui, Mamoru, Chiba City, Japan (Rsch. 
Engr., Univ. of Tokyo) 


TELLAM, James H., Toledo, Ohio (Sales Engr., 
Peerless Cement Co.) 


THATCHER, M. LLEWELLYN, Watertown, Mass. 
(Grad. Stu., MIT) 
STUDENT 
ALONZO-VILLATE, GUILLERMO, Bogota, Colombia 
(Nat. Univ.) 


BERGMEYER, Moritz O., West New York, N. J. 


(Univ. of Notre Dame) 

BIRKELAND, CHRISTIAN J., Seattle, Wash. (Univ 
of Wash.) 

BLAKE, B. CAMPBELL, Birmingham, Ala. (Pur- 
due Univ.) 

BRUNALLI, JOHN, Milldale, Conn. (Univ. of 
Notre Dame) 

Eck.iIn, Rosert L., Drumore, Pa. (Chicago 
Tech. Coll.) 


Tools, Materials, Services 





Under this heading note is made of producer 
literature and products of presumed technical in- 
terest to ACI users of tools, equipment, materials, 
accessories, and special services. 


Ce:ner former 


A specially designed, premolded, plastic 
material that produces a smooth, uninter- 
rupted, rounded 1-in. radius corner in casting 
concrete is available from Servicised Products 
Corp. It can be used on columns, pillars, piers, 
beams, panels and many other types of pre- 
cast concrete work where a smooth, rounded 
corner is desired. It 
is reported to be 
quickly and easily 
installed on stand- 
ard forms, is reus- 
able, eliminates 
sharp edges, and en- 
hances architectural 
concrete. 

The top end of 
the flanged section 
is fastened securely 
to the edge grain of 
one side of the form and then pulled taut. 
The corner former is then tacked or stapled 
avery 4 in. The next step is to place the 
other side of the form in position and fasten 
securely, using conventional methods. to form 
the corner joint. This automatically closes 
the corner former to the required 90-dag 
angle and securely locks both feathered 
edges to the form.—Servicised Products Corp., 
6051 West 65th St., Chicago 39, Ill. 





Fersuscn, Rosert J., San Francisco, Calif. 
(Univ. of Calif.) 

Green, Metvyn, Los Angeles, Calif. (Univ. of 
Ariz.) 

Happorrr, Dennis, Milwaukee, Wis. (Milwau- 
kee Inst. of Tech.) 

ae GaRDNER W., Jr., Cambridge, Mass. 

.) 

Larson, Nem A., Page, Ariz. (Ariz. State 
Univ). 

Lopez-Rivera, CarLtos M., Cayey, P. R. (Univ. 


of Puerto Rico) 
Martinez T., Roserto A., 
Dominican Republic (Univ. de Sto. Dgo.) 
Pazos Mesias, Istpro Jose, Trujillo City, Do- 
minican Republic (Univ. de Sto. Dgo.) 
PEREZ, Marto, Mexico, Mexico (U. N. A. Mex.) 
ra S., Utapistao, Champaign, Ill. (Univ. 
re) 1.) 
Rivera-Concna, Dreco 
Javeriana) 


Ciudad Trujillo, 


, Bogota, Colombia (Univ. 


Ropricvuez, Banca M., Santurce, P. R. (Univ. 
of P. R.) 

Romano, E.ro JosepuH, Brisbane, Q’ld., Aus- 
tralia (Q’ld. Univ.) 


Roy, Joun R., Cambridge, Mass. 

Stone Reveron, Joun J., 
(Univ. Catolica) 

Torres-LOzANO, JorcE, Bogota, Colombia (Univ. 
Nacional) 

WAHANIK POEHLMANN, 
lombia (Univ. 


(MIT) 
Caracas, Venezuela 


Rvupotr, Co- 


Javeriana) 


Bogota, 


Curing compound 


Dekote, a curing membrane developed by 
Tretol, cures, hardens, seals, and dustproofs, 
all in one application, according to company 
spokesman. The clear, ready-to-use, liquid 
solution is applied using spray, roller, or 
brush equipment. 


Prime features of Dekote cited by Tretol 
engineers mentioned the fast drying proper- 
ties and ability to retain over 95 percent 
moisture; ability to seal the pores of concrete 
floors against most acids, oils, greases, and 
other foreign materials; and the fact that the 
compound does not have to be removed be- 
fore the application of secondary floor treat- 
ments. Dekote can also be used for sealing 
and dustproofing existing concrete floors. 
Dekote meets ASTM C 309-58T.—Tretol, Inc., 
7252 W. 66th St., Chicago 38, Il. 


Epoxy spraying gun 


Pennsalt Chemicals Corp. has added a low 
pressure, high volume air, epoxy spraying 
gun unit to its line of products and services. 
Called Quikspray, the gun sprays materials 
of trowel consistency on floors and walls 
three to ten times faster than conventional 
application methods according to Pennsalt 
reports. The low pressure and high volume 
of air principle makes it possible to handle 
a wide range of epoxy formulations with or 
without aggregate. 

The equipment is portable and easily as- 
sembled. It has an output of up to 10 cu ft 
per min. Snap connections for standard-sized 
air hoses and interchangeable orifices with 
rubber inserts make maintenance and clean- 
ing easy according to the company. 
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The standard unit includes two aluminum 
cone-shaped hoppers so that mixing and 
spraying can proceed without interruption. 
Each hopper contains 1% gal. of material. 
Power for a rotary-type compressor is pro- 
vided by a 2%2-hp gasoline engine or a '2-hp 
electric motor. 

The unit can be used for applying acousti- 
cal plasters, stucco, sand finish plasters, col- 
orec aluminum and all aluminum-filled roof 
coatings, epoxy-based materials, latex-based 
materials, filled and nonfilled epoxy resins. 
Corrosion Engineering Products Department, 
Pennsalt Chemicals Corp., Natrona, Pa. 


Stoop form panel 


The Rocform Corp. has announced the 
availability of a stoop form panel accessory 
designed to be used primarily with the com- 
pany’s Rocform system, but it is so construct- 
ed that it may be used in most any forming 
system. 

The form is made of 14-gage steel and %4-in. 
plastic impregnated wood. It is tapered in two 
directions and held in place by removable 
clamps for easy stripping. It can be bulk- 
headed down to 18 in. from the top to ac- 
commodate any required grade. — Rocform 


Corp., 15160 W. Eight Mile Road, Detroit 35, 
Mich. 
















other Western services 
© TUCKPOINTING 
e BUILDING CLEANING 
e SUB-SURFACE WATER PROTECTION 


RESTORE CONCRETE SURFACES 
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Vacuum hold-down attachment 
for drilling machines 


In just 10 sec the Grab-A-Slab vacuum 
attachment exerts 3000 lb of holding pressure, 
locking masonry drilling machines firmly in 

position against the 
s surface to be drilled, 
according to the man- 
ufacturer. The unit fits 
all models of Kor-It 
machines, which use 
diamond core bits for 
high speed drilling of 
reinforced concrete and 
other masonry mate- 
rials. 


This attachment 
eliminates the need for 
positioning drilling ma- 
chines with weights, bracing, or lag bolts 
Two vacuum pads of special design grip rough 
surfaces as well as smooth.—The Kor-It Co., 
Inc., 991 Richard Ave., Santa Clara, Calif. 





Gas-fired portable heaters 


Portable gas-fired infra-red radiant heaters 
have been introduced by Perfection Indus- 
tries. The unit can be operated outdoors or 
in using bottled propane gas 


the beginning of | Aug 


STOP IT NOW... 


with SHOTCRETE* 


Spalled concrete generally results from 
oxidized reinforcing rods. Unless decay is 
halted, serious structural weakness and huge 
repair bills will result. 

With shotcrete, skilled Western techni- 
cians can restore disintegrated concrete 
structures to original soundness and strength. 
All work done under contract, fully insured 
and guaranteed. No materials for sale. 


° Universally accepted term for pneumatically-placed mortar. 


MES TERN 


\__/ ATERPROOFING CO., Inc. 


F oe a 
RESTORATION COMPANY, INC. 


Engineers and Contractors * 1223 Syndicate Trust Bldg. » St. Louis 1, Mo: 


NATION WHIOE et me we, 
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The heaters are available in three sizes, the 
smallest, a portable “Handi-Heater” weighs 
8 lb and has a rated input of 16,000 Btu, op- 
erating at less than 5 cents per hour accord- 
ing to the manufacturer. Two larger sizes are 
mounted on a vertical support rod attached 
to a wheeled propane bottle carrier. The 
larger model is rated at 36,000 Btu input and 
the smaller unit has rated output of 24,000 
Btu.—Perfection Industries, Division of Hupp 
Corp., 1135 Ivanhoe Rd., Cleveland 10, Ohio 


Cork expansion joint 


Cork expansion joints for concrete have 
been developed by National Expansion Joint 
Co. to meet the requirements of the bridge 
department of the State of California 

The product, called Naco cork expansion 
joint, will compress to one-half its thickness 
under a load to 50 psi. With release of the 
pressure, the expansion joint will return to 
within 95 percent of its original size, accord- 
ing to the company. 

The cork is asphalt impregnated and en- 
cased within 15-lb felt. It is reported to 
weather well and to have superior handling 
qualities. Standard sizes are available. — 
National Expansion Joint Co., 1601 Embar- 
cadero Road, Oakland, Calif. 


Slab grinder 


Equipment Development Co. has announced 
the addition of a new model to its line of 
concrete slab grinders, the Model JR, de- 
signed for light concrete grinding. 

Model JR can be used for grinding dry 
concrete slab, rain pitted slab, joints, high 
spots, and ridges. It will also remove trowel 
marks, and surplus concrete and plaster 

This model is powered by a %4-hp, 110/220 
volt ac motor. Counter-rotating twin discs in 
neoprene mountings provide torque-free op- 





Do We Have Your 
Job Title and 
Company Affiliation? 


If not, please send us this 


information today, using the 


coupon on page 40. 











eration. The unit weighs less than 100 lb and 
has a grinding area of 112 sq in. The over-all 
height of this model is 37 in. with a width of 
15 in. and an over-all length of 192 in. It 
employs six 1 x 2 x 3 grinding stones. — 
Equipment Development Co., 2700 Garfield 
Ave., Silver Springs, Md. 


Pavement coring machine 


The Mobile Mark V pavement coring ma- 
chine is designed for production test coring 
on highways, aircraft runways, and other slab 
structures. Because of its lightweight, one- 
piece design, the unit may be mounted on or 
demounted from any ‘%-ton truck or trailer 
in a matter of minutes according to Mobile 
spokesman. 

The hydraulic drill motor accommodates 
diamond bits from 2 to 10 in. in diameter. 
The self-powered, self-contained Mark V has 
a three-way hydraulic drive that permits 
coring through steel reinforced concrete at 
the rate of 30 sec per in. An hydraulic control 
automatically maintains the correct drilling 
pressure and rate of feed and automatically 








Design of Concrete Pavements 


Recommended Practice for Design of Concrete Pavements (ACI 325-58) 
covers the design of rigid airport and highway pavements and bases for 
conditions of climate, traffic, available construction materials and 
equipment, and construction methods of the United States. Includes 
recommendations for soil foundations, selection of slab dimensions, 
joints, and details for reinforced or nonreinforced concrete. 36 pp. 
$1.00 per copy, 50¢ to ACI members. 


Order from Publications Department, American Concrete Institute, 
P.O. Box 4754, Redford Station, Detroit 19, Michigan. 
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compensates for minor changes in material 
hardness.—Mobile Drilling, Inc., 960 N. Penn- 
sylvania St., Indianapolis 4, Ind. 


Air comparison pycnometer 


The Houston Model 200 air comparison 
pycnometer incorporates a unique principle 
for rapid nondestructive volume, density, and 
porosity measurements on irregular, pow- 





dered, and porous solids, including concrete 
Other uses are: determining moisture content, 
void volume, and entrapped air determination. 

Designed for laboratory, industrial, and 
field usage, the unit is completely hand op- 





Admixtures 
for 
Concrete 


@ By ACI Committee 212 


Concrete admixtures are classified 
into 11 groups: accelerators, retarders, 
air-entraining agents, gas-forming 
agents, cementitious materials, pozzo- 
lans, alkali-aggregate expansion inhibi- 
tors, damp-proofing and permeability- 
reducing agents, workability agents, 
grouting agents, and miscellaneous. 


This 34-page report discusses each 
group and the important effects to be 
expected in using materials of each 
group. 


Order from Publications Depart- 
ment, American Concrete Institute, 
P.O. Box 4754, Redford Station, De- 


troit 19, Mich. 


Price 75¢ 
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erated and requires no power source. The 
unit requires no liquids, no gas pressure 


determination and no temperature control. 
Although air is used as the fluid, the Pycnom- 
eter’s accuracy does not depend on the per- 
fect gas laws. 

It is said that a complete measurement may 


be made by an unskilled operator in 1 min 
without wetting or damaging the sample. 
Houston Instrument Corp., P.O. Box 22234, 
Houston 27, Tex. 
Pliable sealant 

E-Bond No. 1007, formulated by Interna- 
tional Epoxy, is a permanently pliable sealant 
compound based on Thiokol free flowing 
liquid polysulfide polymers. It cures to a 
tough rubber-like seal that will not shrink, 


crack, oxidize, or become brittle, 
to the manufacturer. 

Chemically inert it resists acids, alkalies, 
and solvents. It is recommended by the com- 
pany for waterproofing the joints of curtain 
walls, windows, wall facings, flashings, ex- 
pansion joints, or folded plate roofs.—Labora- 
tory, International Epoxy Corp., 501 N. E 
33rd St., P.O. Box A-931, Fort Lauderdale, 
Florida. 


according 


Shotcreting equipment 


To simplify transportation and reduce man- 
power requirements, Engineered Equipment, 
Inc., offers the Jetcreter mounted on its own 


trailer, complete with an 11S mixer as well 
as bucket elevator. 

Mixers of various sizes and types and an 
alternate belt conveyor instead of bucket 





elevator are available. With Super Jetcreter 
and 600 ft compressor, the unit will produce 
up to 12 cu yd per hr according to company 


spokesman. — Engineered Equipment, Inc., 
Waterloo, Iowa. 
Materials handling 

Vac-u-lift announces a self-contained lift- 
ing unit. Company reports it to be an eco- 
nomical and versatile single pad unit for 


safe, efficient handling of barrels, stone, con- 


crete, sheet and plate steel, and other non- 
porous materials. 
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FORNEY 


The standard unit is approximately 18 in 
high and is equipped with a 16 in. diameter 


pad and neoprene seal ring with a lifting 
capacity of 1200 Ib in horizontal lift and 600 
lb lift in shear position. Pad Pac is self- 


contained and operated by a 1/3 hp Power- 
pac attached directly to the pad.—Vac-U-Lift 
Co., Division of The Siegler Corp., Salem, II. 





Literature Available 


Pertinent details on the latest equipment 
and products on the market are available in 
recently released literature. Exact titles of 
the booklets and catalogs are indicated in 
capital letters. They may be requested di 
rectly from the manufacturers listed below 


HEAVY-DUTY SCAFFOLD (Bulletin No. 73) 

Four-page illustrated folder describes Ad- 
vance 10-M heavy-duty scaffold, designed to 
support extra-heavy concrete slabs and 
beams, and particularly applicable for use 
in the shoring of bridges and other heavy 
spans. The accessory items for use with the 
scaffold are also illustrated and described 
Beaver-Advance Corp., P.O. Box 792, Ellwood 
City, Pa 


WATERTIGHT CONCRETE 
—Summary of authoritative information on 
the design and specification of watertight 
concrete is given in this 6-page publication 
Discussion covers the basic requirements for 
watertight concrete and how Pozzolith re- 
duces shrinkage, bleeding, and segregation.— 
The Master Builders Co., Cleveland 3, Ohio 


(Bulletin P-49b) 


STRUCTURAL DESIGN EXAMINATION — 
NEW JERSEY—A set of solutions, compiled 
by Odd Albert, to the structural design sec- 
tion of the professional engineers examina- 
tions in New Jersey taken from examinations 
for 1957-59. 14 pp., mimeographed, $1 per 
copy.—Opla Co., Box 266, Beimar, N.J 


GRADUATE CE SCHOLARSHIPS—A survey 
of graduate scholarships, fellowships, and as- 
sistantships available to civil engineering stu- 
dents in 1960 has been prepared by Chi Epsi- 
lon, national civil engineering honor fratern- 
ity. The graduate programs include over 500 
individual awards.—Michael A. Spronck, Chi 
Epsilon Fraternity, Martinsville, N.J 


SCREW CONVEYOR ENGINEERING AND 
SPECIFICATION GUIDE (Catalog Section 
200-C)—Fort Worth Steel and Machinery has 
published a 60-page guide for screw conveyor 
installations to handle a wide variety of bulk 
materials, including cement. Included are 
complete listings of screw conveyor compo- 


JOB-SITE CONCRETE 
TESTER FT 20-E 


* CONFORMS TO 
ASTM STANDARDS 

* OPERATES ELECTRICALLY 
OR MANUALLY 








¢ PERMANENTLY MOUNTED 
ELECTRIC PUMP 


* 250,000 LB. LOAD RATING FOR 
CYLINDERS, CORES, BLOCKS, 
BEAMS, CUBES, BRICK AND 
DRAIN TILES 


FORNEY’S, 


INC. 
TESTER DIVISION + BOX 310 
NEW CASTLE, PA., U.S.A. 





nents and accessories, with sizes and dimen- 
sions. Lists approximately 300 different ma- 
terials, classified by physical characteristics 
which affect conveyor selection.—Fort Worth 
Steel and Machinery, 3600 McCart St., Fort 
Worth 10, Tex. 


WATER REDUCTION BULLETIN (Technical 
Paper No. 1)—Bulletin features a technical 
paper entitled “Reduction of Water in Con- 
crete Mixes by Chemical Admixture; Effect 
on Properties,” providing comprehensive 
technical information on the subject and on 
WRDA, Dewey and Almy water-reducing 
agent. Dewey and Almy Chemical Division, 
W. R. Grace & Co., Cambridge 40, Mass 


PERMALITE INSULATING CONCRETE — 
Bulletin covers the use of Permalite expanded 
perlite insulating concrete in roof decks and 
floor fills. The 8-page bulletin includes tables 
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This is to Gertife that 
Johu Smith 


se 
Member 
of this institute and fully entitled te the privileges 
granted by its Charter and Bylaws 





Late of memberahyp 


Ih ow, 








SHOW YOUR 
CREDENTIALS 


as a professional concrete specialist to 
your clients and associates . with 
this handsome ACI membership certifi- 
cate. 


Actual size is 10 x 12 in. on parchment 
paper, suitable for framing. Student 
members become eligible for certificates 
when they advance to one of the high- 
er membership grades. 


Please use coupon below to order, and 
allow 90 days for preparation of cer- 
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showing typical mix proportions, physical 
properties, and thermal conductivity of Perm- 
alite, as well as typical load test data for 
roof decks at various spans. Also included 
is an analysis of Permalite insulating con- 
crete fire ratings.— Perlite Department of 
Great Lakes Carbon Corp., 612 S. Flower St., 
Los Angeles 17, Calif. 


INTEGRALLY COLORED CONCRETE—Cata- 
log covers product description, use, methods 
of application, and colors of Colorundum, a 
ready to use powder, which is dusted on and 
trowelled into freshly placed concrete to pro- 
duce colorful concrete—A. C. Horn Com- 
panies, 2133 85th St., North Bergen, N.J 


TESTLAB DIGEST (No. 2)—Publication con- 
tains 16 pages devoted to testing apparatus 
relating to concrete, soils, bituminous, and 
general testing.—Testlab Corp., 3398 Milwau- 
kee Ave., Chicago 44, Il. 


PUBLICATIONS OF THE ENGINEERING 
AND INDUSTRIAL EXPERIMENT STATION, 
1953-1959—Leaflet No. 116 of the Florida En- 
gineering and Industrial Experiment Station, 
University of Florida, lists the publications 
issued by the station under the general title 
of “Engineering Progress at the University 
of Florida.”” There are five series: bulletin 
series, technical paper series, leaflet series, 
technical progress reports, and Florida engi- 
neering series. In addition to listing the pub- 
lications in the various series there is also a 
subject and author index.—Florida Engineer- 
ing and Industrial Experiment Station, Col- 
lege of Engineering, University of Florida 
Gainesville, Fla. 


HORNFLEX THIOKOL LP-32 SEALANT 

16-page catalog on Hornflex Thiokol LP-32 
sealant for watertight joint and weld on 
curtain walls, prefabricated panels, glass en- 
closures, flashings, 
fronts, sidewalks, coping, flooring, pipe joints 
and passages, air 


roofs, mullions, store 
conditioning ducts and 
units. Describes physical properties, uses, ad- 
vantages, and directions for surface prepara- 
tion and application.—A. C. Horn Companies, 
2133 85th St., North Bergen, N.J 


CEMENT INDUSTRY IN EUROPE 1957 
STATISTICS—Compilation of statistics on the 
cement industry in Europe by the Organisa- 
tion for Européene de Coopération 
ique. 1957 with previous 
years outlines trend for 1958, giving 
investment programs 
(32 pp., $1.00)—Organisation 


Econom- 
Compares results 
and 
some indication of 
through 1959. 


for Européene de Coopération Economique, 
Ave., 


Publications Office, 1346 Connecticut 
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HARDESTY & HANOVER 


Consulting Engineers 
BRIDGES, FIXED AND MOVABLE 
HIGHWAYS, EXPRESSWAYS, THRUWAYS 
SPECIAL STRUCTURES 
DESIGN, SUPERVISION, INSPECTION 
VALUATION 
101 Park Avenue New York 17, N. Y. 











STRUCTURAL ENGINEERING 
ARCHITECTURAL ENGINEERING 
OUR COURSES of instruction by mail HAVE 
HELPED THOUSANDS to better positions and 
to pass State Board Examinations. 50th Year 
Write today without obligation 


WILSON ENGINEERING CORPORATION 


Dept. C, College House Offices, Harvard Square, 
Cambridge, Mass. 











JACKSON & MORELAND, Inc. 
, 
JACKSON G MORELAND INTERNATIONAL, Inc 
Engineers and Consultants 
Electrical—Mechanical—Structural 
Design and Supervision of Construction for 
Utility, Industrial and Atomic Projects 
Surveys—Appraisals—Reports 
Machine Design—Technical Publications 


Boston Washington New York 








THE THOMPSON & 
LICHTNER CO., INC. 


Consulting Engineers 


Design Testing Research Supervision 


8 Alton Place, Brookline, Mass. 








OPPORTUNITY 


to find additional clients for your 
consulting engineering services. 
The Bulletin Board offers you a low 
cost way of presenting your special- 
ized services to key men in concrete 
engineering. 

More than 11,000 persons working in 
the concrete industry will read your 
message. 

in addition to professional cards, the 
Bulletin tll is available for the 
following messages: Business Oppor- 
tunities, Positions Wanted, Positions 
Vacant, Used Equipment, Educational. 


Write for rate card today! 











Evaluation of Strength Tests of Concrete 


This ACI Bibliography (No. 2 


< 


in the series) lists and annotates 35 


selected articles appearing in available technical publications issued 
from 1924 to 1958 and dealing with compression tests of concrete, 
variations in test results, and evaluation of tests. The articles explain 
the advantages and value of applying statistical methods in evalu- 
ating quality of concrete. In 8%x1l-in. format, punched for insertion 
in three-ring binder. Price per copy is $2.00; $1.00 to ACI members. 


Order from Publications Department, American Concrete Institute, 
P.O. Box 4754, Redford Station, Detroit 19, Michigan. 
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NOTICE — Change of Address — NOTICE 


NAME 
STREET & NO. ote a 
CITY ZONE__STATE 











To avert any delay in receiving my ACI JOURNAL, | wish to give notice of a 
change in my mailing address. (PLEASE PRINT) 


New Address: 





Old Address: 


STREET & NO. 





CITY ZONE STATE 

















“How-to” 


Guides 











American Concrete Institute 


For Better Concrete... 


You Need All Three 


ACI Manual of Concrete Inspection 


From concrete fundamentals to the latest developments in construction, 
this hard cover manual explains inspection thoroughly. Pocket size, 240 
pages, illustrated for clarification. Intended as a supplement to spe- 
cifications. $3.50, ACI MEMBERS $1.75. 


Manual of Standard Practice for 
Detailing Reinforced Concrete 
Structures 


Widely endorsed, this man- 
‘ ww + ual (ACI 315-57) correlates 
\ 4 we the latest methods and 
em © standards for fabricating 
ve, and placing __s reinforcing 
steel. Typical drawings 
‘ translate recommendations 
4 on engineering and placing 
7 drawings into practical 
% examples. Spiral bound, 86 
1. pages. $4.00, ACI MEM- 

t BERS $2.50. 

- 


Reinforced Concrete Design 
Handbook 


An invaluable aid to solving most RC design problems quickly, 
easily, and accurately. It clearly explains methods for mastering 
the design of flexural members, stirrups, columns, square spread 
footings, and pile footings. Tables cover the wide range of unit 
stresses in general practice. Hard cover, 120 pages. $3.50, ACI 
MEMBERS $2.00 


Clip and mail coupon today 


P. O. Box 4754, Redford Station 


Detroit 19, Michigan 


Date 


GENTLEMEN: Please send me 


copies of ACI Manual of Standard Practice for Detailing Reinforced Concrete 
Structures (ACI 315-57) 


copies of ACI Manual of Concrete Inspection 


copies of the Reinforced Concrete Design Handbook 


NAME 


ADDRESS 


Enclosed find $ in payment 








1960 REGIONAL MEETING—-TUCSON—OCTOBER 31-NOVEMBER 2 


THIS MONTH 


Papers and Reports 


57-1 Researches Toward a General Flexural Theory for Struc- 
tural Concrete HUBERT RUSCH 


Instantaneous and Long-Time Deflections of Reinforced 
Concrete Beams Under Working Loads 
WEI-WEN YU and GEORGE WINTER 


Design and Construction of the Civil Engineering “Arrow” 
at the Brussels International Exhibition 
A. PADUART and J. VAN DOOSSELAERE 


Shear Strength of Restrained Concrete Beams Without Web 
Reinforcement JOHN E. BOWER and IVAN M. VIEST 


Reinforced Concrete Slab Bridges for the Via Monumental, 
Havana, Cuba LUIS P. SAENZ and IGNACIO MARTIN 99 


Current Reviews 107-128 
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